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CONSTITUTION. 

As  Amended  May  7,  1907. 


Article  I. 


Object  and  Name. 

This  Association  has  for  its  object  the  advancement  of  scientific 
and  practical  medicine,  and  shall  be  known  as  The  Association  of 
American  Physicians. 

Article  II. 

Members. 

The  number  of  active  members  shall  be  limited  to  one  hundred  and 
thirty-five.  Physicians  of  sufficient  eminence  to  merit  the  distinction 
may,  to  a  number  not  exceeding  twenty-five,  be  elected  honorary  mem- 
bers, and  as  such  shall  be  entitled  to  attend  all  meetings  and  to  take 
part  in  the  proceedings,  but  not  to  vote. 

An  active  member  whose  membership  has  extended  throughout  ten 
years  or  more  may,  at  his  request,  be  transferred  by  the  Council  to 
honorary  membership. 

There  shall  be  also  a  class  of  associate  members,  limited  in  number 
to  twenty-five,  from  which  class  active  members  may  be  elected.  These 
associate  members  shall  each  be  elected  for  a  term  of  five  years  and 
shall  enjoy  all  the  privileges  of  honorary  members,  and  each  of  them 
shall  pay  annual  dues  amounting  to  one-half  the  annual  dues  of  an  active 
member. 
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Membership  shall  lapse  by  reason  of  absence  from  three  successive 
annual  meetings  without  reason  given  acceptable  to  the  Council.  An 
excused  absence  shall  not  be  regarded  as  an  attendance.  jNIembership 
may  be  forfeited  for  reasons  deemed  sufficient  by  the  Association. 

Article  III. 

Ojficers. 

The  Officers  of  the  Association  shall  be  a  President,  a  Vice-Presi- 
dent, a  Secretary,  a  Recorder,  a  Treasurer — all  to  be  elected  annually; 
five  Councillors — one  to  be  elected  each  year  for  a  term  of  five  years; 
and  a  Representative  to  serve  on  the  Executive  Committee  of  the  Con- 
gress of  American  Physicians  and  Surgeons,  to  be  elected  at  the  annual 
meeting  immediately  following  the  Congress. 

Article  IV. 

Duty  of  Officers. 

The  duties  of  the  President,  Vice-President,  Secretary,  and  Treasurer 
shall  be  those  usually  assigned  to  these  officers. 

The  Recorder  shall  secure  the  papers  read  and  also  proper  notes 
of  the  discussions  thereon,  and  shall  publish  the  annual  volume  of 
Transactions. 

The  five  Councillors  shall  constitute  a  Committee  of  Nomination  of 
Officers,  and  as  such  shall  present  a  report  at  the  commencement  of  the 
morning  session  of  the  last  day  of  the  annual  meeting,  at  the  conclusion 
of  which  session  the  election  shall  be  held  by  ballot. 

The  Representative  on  the  Executive  Committee  of  the  Congress  shall 
have  full  power  to  represent  the  Association  on  all  ordinary  questions, 
but  must  be  authorized  by  the  Council  of  this  Association  before  assent- 
ing to  the  admission  of  any  Society  to  the  Congress. 

Article  V. 

Council. 

The  officers  of  the  Association  shall  constitute  the  Council,  of  which 
four  members  shall  constitute  a  quorum.  It  shall  be  the  duty  of  the 
Council  to  supervise  the  affairs  of  the  Association,  to  make  all  the 
arrangements  for  the  annual  meeting,  to  suggest  the  subject  for  debate. 
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and  to  consider  the  nominations  for  membership  and  report  on  them  at 
the  meeting  at  which  thev  shall  be  balloted  on. 


Article  \1. 

Meetings. 

1.  The  Association  shall  hold  an  annual  meeting  in  the  City  of 
Washington,  D.  C,  at  a  time  designated  by  the  Council. 

2.  The  President  shall  call  the  meeting  to  order  and  open  the  session 
by  an  address  not  exceeding  half  an  hour  in  length.  In  his  absence 
the  ^'ice-President  shall  preside,  and  in  the  absence  of  both  these  officers, 
the  senior  Councillor. 

3.  Then  shall  follow  original  communications,  discussions  on  sub- 
jects of  general  interest  in  the  department  of  medicine  and  pathology, 
demonstrations  in  pathology  and  miscellaneous  business. 

4.  The  President  shall  have  complete  charge  of,  and  responsibility 
for,  the  programme.  He  shall  have  power  to  accept  or  reject  any  paper 
offered.  He  shall  have  power  to  limit  the  number  of  papers,  and  to 
assign  a  time  limit  for  each  one.  Papers  shall  be  presented  to  the 
Association  only  in  abstract,  and  preferably  shall  not  be  read  from 
manuscript.  They  may  be  published  in  full  in  the  Transactions  as 
also  in  any  other  medical  publication. 

5.  The  referee,  co-referee,  and  authors  of  papers  shall  send  abstracts 
of  their  papers  to  the  Council  for  distribution  to  members  previotis  to 
the  meeting. 

Article  VH. 

Quorum. 

Any  number  of  members  present  at  the  appointed  time  of  the  annual 
meeting  shall  constitute  a  cjuorum  for  the  transaction  of  ordinary  busi- 
ness, but  for  the  election  of  members,  fifteen  shall  be  necessary  for  a 
quorum,  and  for  altering  the  Constitution  twenty-five  members  shall 
be  necessary. 

Article  VHI. 

Election  of  Members. 

Nominations  to  membership,  signed  by  two  members  who  are  not 
officers  of  the  Association,  must  be  made  in  writing  at  an  annual  meeting 
of  the  Association;  and  within  six  months  of  the  time  of  nomination  the 
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nominators  sliall  transmit  to  the  Council  letters  stating  the  qualifications 
of  the  nominee  and  also  a  list  of  his  professional  positions  and  publica- 
tions. The  Council  shall  report  the  name  of  each  nominee  to  the  mem- 
bers of  the  Association  by  letter  prior  to  acting  upon  the  same.  The 
Council  shall  report  those  nominations  which  are  approved  by  it  to  the 
next  annual  meeting  for  action.  The  election  of  new  members  shall 
take  place  on  the  second  day  of  the  meeting.  An  affirmative  vote  of 
three-fourths  of  the  members  present  shall  be  necessary  for  the  election 
of  active  members,  but  for  the  election  of  honorary  members  a  unani- 
mous vote  of  those  present  shall  be  required. 

Article  IX. 

Annual  Dues. 

The  annual  dues  of  the  Association  shall  be  such  sum  as  the  Council 
from  time  to  time  may  fix,  from  the  payment  of  which  honorary  mem- 
bers shall  be  exempt. 

Article  X, 

Amendments  to  the  Constitution. 

Amendments  to  the  Constitution  must  be  proposed  in  writing  by  five 
members  at  an  annual  meeting,  and  must  be  acted  upon  at  the  succeed- 
ing annual  meeting,  the  notices  for  which  shall  contain  an  announcement 
of  the  proposed  amendment;  and  such  amendments  shall  require  for 
their  adoption  an  affirmative  vote  of  three-fourths  of  those  present. 


MINUTES 

OF    THE 

TWENTY-THIRD  ANNUAL  MEETING. 
Held  in  Washington,  D.  C,  May  12  and  13,  1908. 


The  following  members  were  present  during  the  meeting: 


A.  C.  Abbot. 
J.  G.  Adami, 
S.  S.  Adams, 
R.  H.  Babcock, 
E.  R.  Baldwin, 
L.  F.  Barker, 

A.  D.  Blackader, 

B.  M.  Bolton, 
J.  W.  Brannan, 

C.  N.  B.  Camac, 
J.  A.  Capps, 
Chas.  Gary, 

H.  A.  Christian, 
S.  S.  Cohen, 
Joseph  Collins, 
L.  A.  Conner, 

D.  L.  Edsall, 
A.  R.  Edwards, 
A.  A.  Eshner, 
J.  Ewing, 

F.  G.  Finley, 
W.  E.  Fischel, 
R.  H.  Fitz, 


F.  Forchheimer. 
R.  G.  Freeman. 
M.  H.  Fussell. 
T.  B.  Futcher, 
L.  C.  Greene, 
J.  P.  C.  Griffith, 
S.  McC.  Hamill. 
J.  B.  Herrick, 
H.  Hun, 
Reid  Hunt, 
A.  Jacobi, 
W.  B.  James, 
E.  G.  Janeway, 
T.  C.  Janeway, 
E.  P.  Joslin, 
A.  O.  J.  Kelly. 
J.  J.  Kinyoun. 
G.  M.  Kober, 
H.  A.  Laflem', 
M.  J.  Le^-is, 
E.  Libman, 
S.  Loving, 
I.  P.  Lyon, 


Thos.  :\IcCrae, 
A.  ilcPhedran, 
W.  G.  :\IacCallum, 

C.  F.  Martin, 
S.  J.  Meltzer, 

A.  Meyer. 
J.  L.  Miller, 
J.  H.  Musser, 
W.  P.  Northrup, 
R.  M.  Pearce, 

F.  Pfaff. 

R.  B.  Preble, 

M.  W.  Richardson, 

D.  Riesman, 
R.  D.  Rudolf. 

B.  Sachs, 
J.  Sailer, 

G.  G.  Sears, 

F.  C.  Shattuck, 
W.  Sinkler, 

B.  W.  Sippy, 
M.  A.  Starr, 

C.  G.  Stockton, 


XXvi  MINUTES  OF    THE    TWENTY-THIRD   ANNUAL    MEETING 

J.  S.  Thacher,  V.  C.  Vaiighan,  L.  B.  Wilson, 

W.  S.  Thayer,  H.  F.  Vickeiy,  J.  H.  Wright. 

W.  H.  Thomson,  W.  H.  Welch, 

J.  Tvson.  F.  H.  Williams, 


Tuesday.  May  12. — Morning  Session. 

The  Association  was  called  to  order  at  10.12  a.m.  by  President 
Tyson,  who  delivered  the  President's  address. 

The  Treasurer  read  the  Treasurer's  Annual  Report,  which  was 
referred  to  an  Auditino-  Committee  consisting  of  Drs.  Kelly  and 
Fussell. 

The  Secretary  announced  that  the  Council  had  fixed  the  annual 
dues  for  the  ensuing  year  as  follows: 

Salaried  laboratory  workers,  $5.00;  practitioners,  $15.00;  associate 
members,  $7.50. 

Dr.  Miller  read  a  paper  entitled  "Preliminary  Report  on  the  Results 
of  Ligation  of  the  Coronary  Arteries  in  Dogs,"  which  was  discussed 
by  Drs.  Welch,  Cohen,  Babcock,  ^IcPhedran,  and  Miller. 

Dr.  Christian  read  a  paper  entitled  "Some  Lesions  of  Experi- 
mental Nephritis,"  which  was  not  discussed. 

Dr.  Baldwin  read  a  paper  entitled  "Review  of  Theoretic  Con- 
siderations and  Experimental  W'ork  Relative  to  Opsonins,  with 
Observations  at  the  Saranac  Laboratory,"  which  was  not  discussed. 

Dr.  Ewing  read  a  paper  entitled  "A  Classification  of  Acidoses," 
which  was  discussed  by  Drs.  Barker,  Griffith,  Edsall,  Cohen,  and 
Ewing. 

Dr.  Joslin  read  a  paper  entitled  "Experiments  with  an  Ash-free 
Diet,"  which  was  discussed  by  Drs.  Edsall,  Ewing,  and  Joslin. 

Dr.  MacCallum  read  a  paper  entitled  "On  the  Relation  of  the 
Parathyroid  Gland  to  Calcium  Metabolism  and  to  Tetany,"  which  was 
discussed  by  Drs.  Musser,  Goodwin,  Meltzer,  Edsall,  and  MacCallum. 

Dr.  Theodore  C.  Jane  way  read  a  paper  entitled  "An  L^nusual  Par- 
oxysmal Syndrome,  Probably  Allied  to  Recurrent  Vomiting,  with  a 


MINUTES    OF   THE    TWENTY-THIRD    ANNUAL    MEETING        XXVU 

Study  of  the  Xitrogen  Metabolism,"  which  was  discussed  by  Drs. 
Joslin/ James.  Edsall,  and  Janeway. 

Dr.  Edsall  read  a  paper  entitled  "Some  Cases  Presenting  a  Re- 
current Syndrome.  Apparently  due  to  Exposure  to  Heat."  which  was 
not  discussed. 

Adjourned  at  1  p.m. 


Afternoon  Session. 

The  Association  was  called  to  order  by  President  Tyson  at  2.25  p.m. 

The  Auditing  Committee  reported  that  thej^  had  examined  the 
Treasurer's  accounts  and  vouchers  and  found  them  to  be  correct. 

Dr.  Camac  read  a  paper  entitled  "Xon-fatal  Coma  in  the  Course 
of  Diabetes,"  which  was  discussed  by  Drs.  Cohen,  T.  C.  Janeway,  and 
Camac. 

Dr.  James  read  a  paper  entitled  "Short  Contribution  to  the  Stud}' 
of  the  Atrioventricular  Bimdle,  with  Report  of  a  Case  and  Presenta- 
tion of  Specimen,  sho^;^'ing  an  Acute  Ulcer  on  the  interventricular 
Septum,"  which  was  not  discussed. 

Dr.  H.  A.  Stewart  read  a  paper  entitled  "Intraventricular  Systole," 
which  was  discussed  by  Dr.  Thayer. 

Dr.  Thayer  read  a  paper  entitled  "Early  Diastolic  Heart  Sound," 
which  was  discussed  by  Drs.  Eshner  and  Thayer. 

Dr.  Fussell  read  a  paper  entitled  "Three  Cases  of  Anemia  in 
Children,"  which  was  discussed  by  Dr.  Griffith. 

Dr.  Le^ns  read  a  paper  entitled  "Splenic  Anemia,  Splenectonw, 
and  Recovery."  which  was  discussed  by  Drs.  Herrick  and  Blackader. 

Dr.  Conner  read  a  paper  entitled  "Relations  Existing  between 
Bilirubinemia,  Urobilinuria,  and  Urobilinemia,"  which  was  discussed 
by  Dr.  Ewdng. 

Dr.  Meyer  read  a  paper  entitled  "The  Relation  of  the  Auditory 
Centre  to  Aphasia."  which  was  discussed  by  Dr.  Starr. 

Dr.  Wilson  read  a  paper  entitled  "Observations  on  the  Pathology 
of  Exophthalmic  Goitre  as  related  to  Clinical  S^'mptoms,  being  a 
Study  of  Nearly  300  Cases  Operated  on  by  Dr.  C.  H.  Mayo,"  which 
was  discussed  by  Drs.  Thomson,  Welch.  Adami,  Ewing,  and  Wilson. 
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Dr.  Sachs  read  a  paper  entitled  "Raynaud's  Disease,  Erythro- 
melalgia,  and  the  Allied  Conditions  in  their  Relation  to  Vascular 
Disease  of  the  Extremities,"  which  was  not  discussed. 

The  last  three  papers  were  illustrated  by  lantern  slides. 

Adjourned  at  6.10  p.m. 

Wednesday,  May  13. — Morning  Session. 

The  Association  was  called  to  order  by  President  Tyson  at  10.05  a.m. 

On  motion  of  Dr.  Shattuck,  the  sympathy  of  the  members  of  the 
Association  was  sent  to  Dr.  Kinnicutt  on  his  illness. 

Dr.  Hunter  read  a  paper  entitled  "Report  of  Two  Cases  of  Relaps- 
ing Fever,  with  Demonstration  of  the  Spirochete  in  the  Blood  of 
Patients  and  of  Inoculated  Rats,"  which  was  not  discussed. 

Dr.  Pfaff  read  a  paper  entitled  "The  Action  of  Purgatin  on  the 
Kidneys,"  which  was  not  discussed. 

A  symposium  on  Therapeutics  was  opened  by  Dr.  Meltzer,  "On  the 
Mechanism  of  Self-repair."  which  was  followed  by  Dr.  Edsall,  "On 
Dietetic  and  Hygienic  Therapeutics."  by  Dr.  Hunt,  "On  Organo- 
therapeutics,"  by  Dr.  Richardson,  "On  Serum  Therapeutics,  Inclu- 
ding Treatment  with  Specific  Vaccines,"  by  Dr.  Barker,  "On  Psycho- 
therapeutics," by  Dr.  Lyon,  "On  the  Radical  Cure  of  Constipation 
b}'  Psychotherapeutics,"  and  b}'  Dr.  McKenzie,  "On  Physical  Thera- 
peutics." Discussion  was  opened  by  Dr.  Hare  and  continued  by 
Drs.  Shattuck  and  Rosenau. 

The  Association  then  proceeded  to  the  election  of  Officers,  Active 
Members,  and  Associate  Members,  with  the  following  results: 

officers. 

President — A'ictor  C.  ^'aughan. 
Vicc-Presidc7it — Henry  Hun. 
Secretary — George  M.  Kober. 
Recorder — S.  SoUs  Cohen. 
Treasurer — J.  P.  Crozer  Griffith. 
Councillor — S.  J.  ]\Ieltzer. 

Representative  on  the  Executive  Committee  of  Congress  of  American 
Physicians  and  Surgeons — F.  H.  Williams.     Alternate,  W.  S.  Tha3^er. 
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ACTIVE    MEMBERS. 


E.  R.  Baldwin,  Saranac  T^ake. 
J.  A.  Capps,  Chicago. 
T.  C.  Janeway.  New  York. 
L.  A.  Conner,  New  York. 
R.  G.  Freeman,  New  York. 
J.  D.  kSteele,  Philadelphia. 
J.  Sailer,  Philadelphia. 
H.  C.  Moffitt,  San  Francisco. 
W.  F.  Hamilton,  Montreal. 


ASSOCIATE    MEMBERS. 

Harlow  Brooks,  New  York. 

J.  A.  Scott,  Philadelphia. 

W.  T.  Longcope,  Philadelphia. 

J.  C.  Da  Costa,  Jr.,  Philadelphia. 

R.  I.  Cole,  Baltimore. 

T.  A.  Claytor,  Washington. 

L.  Brown,  Saranac  Lake. 

V.  C.  Vaughan,  Jr.,  Detroit. 

J.  T.  Halsey,  New  Orleans. 

C.  H.  Bunting,  Madison,  Wis. 

Adjourned  at  1  p.m. 

Afternoon  Session. 

The  Association  was  called  to  order  at  2.15  p.m.  by  President  Tyson, 
Dr.  Greene  read  a  paper  entitled  "The  Clinical  Value  of  the  Tests 
of  Pircjuet  and  Calmette,  based  upon  Personal  Observation;"  and 
Dr.  Hamill  one  entitled  "A  Comparison  of  the  von  Pirquet,  Calmette, 
and  Moro  Tuberculin  Tests  and  Their  Diagnostic  Value."  These 
papers  were  discussed  by  Drs.  Rosenau,  Northrup,  Greene,  Hamill, 
and  Baldwin. 

Dr.  Shattuck  read  "A  Sketch  of  the  Life  of  Tronchin."  which  was 
discussed  by  Dr.  Northrup. 
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Dr.  Freeman  read  a  jjaper  entitled  "Fatigue  in  School  Children 
as  Tested  by  the  Ergograph,"  which  was  not  discussed. 

Dr.  McPhedran  read  a  paper  entitled  "Ascites  in  Typhoid  Fever," 
which  was  not  discussed. 

Dr.  Capps  read  a  paper  entitled  "Further  Observations  on  Pleural 
Reflexes,"  which  was  discussed  l^y  Drs.  Shattuck,  Meltzer,  and  Capps. 

Dr.  Sailer  read  a  paper  on  "Acute  Pancreatitis;"  and  Dr.  Musser 
one  on  "Some  Clinical  Features  of  Pancreatitis."  These  papers 
were  discussed  b}^  Drs.  Fitz,  Welch,  and  Meltzer. 

Dr.  Eshner  read  a  paper  entitled  "  Hypernephroma  of  the  Kidney, 
with  Metastasis  to  the  Manubrium  Sterni,  Simulating  Aneurysm  of 
the  Aorta,"  which  was  discussed  by  Dr.  Stockton. 

Dr.  Libman  read  a  paper  entitled  "A  Study  of  the  Occurrence  and 
Significance  of  Negative  Results  in  Blood-culture  Studies,"  which 
was  discussed  by  Drs.  Welch  and  Libman. 

Dr.  Stockton  read  a  paper  entitled  "Thrombosis  of  the  Superior 
Vena  Cava  Complicating  Graves'  Disease,"  which  was  discussed  by 
Drs.  Welch,  Jacobi,  and  Stockton. 

Dr.  Rosenau  read  a  paper  on  "Anaphylaxis  in  Pregnancy," 
which  was  discussed  by  Dr.  Vaughan. 

The  following  proposed  amendment  to  the  Constitution  was  now 
read : 

Resolved,  That  the  second  paragraph  of  Article  II  of  the  Con- 
stitution be  amended  by  changing  the  word  "honorary"  to  "emeritus," 
and  that  the  names  now  on  the  "Honorary"  list  l^e  transferred  to 
the  "Emeritus"  list. 

James  Tyson. 
S.  SoHs  Cohen, 
Francis   H.   Williams, 
Richard  ^I.  Pearce, 
Henry  Hun. 

During  the  meeting  the  following  papers  were  read  by  title: 
"Concerning  the  Presence  of  Nephrotoxic  and  Hydrops-producing 

Substances  in  the  Serum  of  Animals  with  Experimental  Nephritis," 

by  R.  M.  Pearce  and  H.  P.  Sawj^er,  of  Albany. 

"Safeguards  of  the  Heart-beat,"  by  Henry  Sewall,  of  Denver. 
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"Further  Observations  upon  the  Value  of  Intestinal  Antiseptics," 
by  J.  D.  Steele  and  S.  J.  Repplier,  of  Philadelphia. 

"The  Results  of  the  Serum  Treatment  of  Cerebrospinal  ^lenin- 
gitis/'  by  Simon  Flexner  and  J.  W.  Jobhng,  of  New  York. 

Dr.  Jacobi  moved  that  the  thanks  of  the  Association  be  tendered 
to  President  Tyson  for  the  efficient  manner  in  which  he  has  organized 
and  carried  on  this  meeting  of  the  Association. 

Adjourned  at  4.45  p.m 

Henry  Hun, 

Secretary. 


ADDRESS  OF  THE  PRESIDENT. 


By  JAMES  TYSON,  M.D., 

PHILADELPHIA. 


To  have  been  one  of  the  founders  of  this  Association,  to  have 
prepared  the  details  of  its  birth,  to  have  been  its  first  secretary,  to 
have  seen  it  grow  from  kisty  infancy  to  vigorous  and  productive 
manhood,  is  a  privilege  which  dulls  the  edge  of  pain  that  may 
come  of  the  knowledge  that  one  is  no  longer  young.  What  satis- 
faction to  be  able  to  recall  those  present  at  our  early  meetings  and 
to  linger  tenderly  over  the  names  of  those  who  have  crossed  the  dark 
river — Howard,  Ross,  and  Stewart,  of  jNlontreal,  Graham,  of  Toronto, 
Dana,  of  Portland,  iNIinot,  AMiittier,  and  Folsom,  of  Boston,  Loomis, 
Draper,  Lusk,  and  Seguin,  of  New  York,  Thatcher,  of  New  Haven, 
Da  Costa,  Pepper,  Hutchinson,  and  Bruen,  of  Philadelphia,  Jolmson 
and  Lyman,  of  Chicago,  ^^^littake^,  of  Cincinnati,  Busey,  Prentiss, 
and  W.  W.  Jolmston,  of  Washington,  Donaldson,  INliles,  and  Atkin- 
son, of  Baltimore,  Porcher,  of  Charleston,  Carpenter,  of  Pottsville, 
Reeves,  of  Chattanooga,  Solly,  of  Colorado!  I  see  them  all  vividly. 
Is  it  too  much  to  hope  that  their  shades  may  be  hovering  over  us, 
sharing  with  us  the  interest  which  search  for  scientific  truth  always 
evokes  ? 

And  the  first  meeting  in  the  reading-room  of  the  old  Armv  ^Medical 
Museum.  Ah,  it  was  a  busy  day  for  me.  Required  to  return  to 
Philadelphia  at  the  end  of  the  first  day,  because  of  desperate  illness 
in  a  patient — I  had  been  secretary,  had  acted  on  the  nominating 
committee,  had  shared  with  the  accomplished  Draper  a  discussion 
on  the  illimitable  subject  of  the  "Correlation  of  Rheumatism,  Gout, 
Diabetes,  and  Chronic  Bright's  Disease,"  when  evening  came, 
and  I  had  scant  time  to  make  my  train.  A  passing  cab  afforded 
brief  assistance,  for  it  was  soon  wrecked  by  the  wayside,  whence, 
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again  a-foot,  I  panted  into  the  station  just  in  time.  All  these 
on  a  hot  June  day  I  confess  are  pleasanter  in  the  retrospection 
than  they  were  in  the  reahzation.  Yet  are  they  among  precious 
memories  that  I  will  cherish  while  1  live.  Then  there  were  other 
early  meetings  held  in  the  Surgeon-General's  library,  overlooking 
the  beautiful  grounds  of  the  Smithsonian  park,  at  the  acme  of  their 
splendor  in  those  rare  and  perfect  days  of  June;  the  pleasant  trips 
to  Mt.  Vernon,  to  Arlington,  and  to  the  New  Library,  then  in  the 
early  stages  of  its  construction.  Finally,  there  was  Wormley's  Hotel, 
our  headquarters  for  the  first  meetings,  where  good  food  substituted 
costly  decoration.  All  of  these  and  other  events  of  those  days  crowd 
upon  my  memory  and  fill  it  with  pleasurable  emotion. 

In  this  city  of  Washington,  twenty-two  years  ago,  were  delivered 
to  us  by  the  profession  the  talents  which  it  was  rightfully  expected 
we  should  return,  increased  according  to  our  abilities.  Let  me  tell 
you  how  they  were  received  for  us  by  our  first  president,  Delafield, 
who  said  on  that  mitial  day: 

"We  all  of  us  know  why  we  are  assembled  here  today.  It  is 
because  we  want  an  association  in  which  there  will  be  no  medical 
politics  and  no  medical  ethics;  an  association  in  which  no  one  will 
care  who  are  the  officers,  and  who  are  not;  in  which  we  will  not  ask 
from  what  part  of  the  country  a  man  comes,  but  whether  he  has  done 
good  work,  and  will  do  more;  whether  he  has  something  to  say 
worth  hearing,  and  can  say  it.  We  want  an  association  composed 
of  members,  each  one  of  whom  is  able  to  contribute  something  real 
to  the  common  stock  of  knowledge,  and  w^here  he  who  reads  such  a 
contribution  feels  sure  of  a  discriminating  audience. 

"We  are  all  busy  men,  working  men,  ambitious  men.  We  all  like 
to  give  instruction  and  to  gain  reputation,  and  both  of  these  we  can 
do  in  the  societies  already  existing.  But  we  also  want  a  society  in 
which  we  can  learn  something.  And  this,  I  take  it,  is  the  real  object 
of  the  enterprise  which  we  maugurate  today — to  form  an  Association 
of  Physicians  and  Pathologists  to  which  we  may  come  year  after 
year  with  the  well-founded  hope  that  at  each  meeting  we  will  find 
something  to  learn." 

Have  we  used  to  a  purpose  these  talents  thus  committed  to  us, 
or  have  we  digged  deeply  into  the  earth  and  there  hidden  them  ? 
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For  answer  I  ask  you  to  look  at  these  twenty-two  vokimes  which 
many  of  you  have  perhaps  never  seen  all  together.  They  include 
10,456  pages,  and  their  subject  matter  is  covered  by  746  titles.  It 
would  be  prolix  and  unprofitable  to  name  even  the  most  important 
of  them.  They  are  all  here  m  the  volumes  before  me,  with  a  gejieral 
index  covering  the  first  fifteen  volumes.  As  stated  by  my  prede- 
cessor, Kinnicutt,  they  include  much  of  the  best  work  of  the  first 
twenty-two  years  of  our  existence,  in  the  laboratories  and  clinics  of 
the  United  States  and  Canada,  and  I  say  with  him  they  "have  proved 
the  wisdom  and  hopes  of  our  founders." 

Death  has  dealt  gently  with  us  during  the  past  year,  only  two  of 
our  members  having  fallen  from  our  ranks  from  this  cause,  namely, 
Dr.  Charles  Follen  Folsom,  of  Boston,  and  Dr.  James  Carroll,  of  the 
United  States  Army. 

Dr.  Folsom  was  one  of  our  original  members  and  an  active  member 
until  1901,  contributing  several  noteworthy  papers  to  the  Trans- 
actions, including  "Disorders  of  Sleep,"  "Early  Stages  of  General 
Paralysis,"  and  "Prevalence  and  Fatality  of  Pneumonia." 

He  was  born  in  Haverhill,  Mass.,  April  3,  1842,  and  was  graduated 
from  the  College,  Harvard  University,  in  1862,  and  the  ^Medical 
School  in  1870.  The  intermediate  period  he  spent  in  South  Carolina 
in  the  public  service.  Acquiring  there  malarial  fever,  he  made  a 
trip  in  a  sailing  vessel  around  Cape  Horn  to  San  Francisco,  return- 
ing as  a  sailor  before  the  mast. 

Soon  after  graduation  in  medicine  he  turned  his  attention  to 
diseases  of  the  nervous  system  and  to  hygiene.  During  nearly 
thirty-seven  years  of  active  life,  besides  attending  to  a  large  private 
practice,  he  served  as  physician  to  the  ^IcLean  Insane  Hospital  and 
to  the  Boston  Hospital,  and  as  Consulting  Physician  to  the  Adams 
Hospital  for  Nervous  Diseases.  In  1873  he  was  made  secretary 
of  the  Massachusetts  State  Board  of  Health.  With  a  view  to 
qualifying  himself  for  these  duties  he  went  abroad  twice,  once  in 
1873  and  again  in  1878.  In  the  former  visit  he  made  a  study  of 
sewage  and  its  disposal  in  various  foreign  cities,  and  in  the  latter 
of  experimental  hygiene.  He  suggested  a  plan  for  the  disposal  of 
sewage  for  the  city  of  Boston,  which  was  essentially  adopted.     He 
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was  lecturer  on  hygiene  in  the  Harvard  Medical  School  from  1877 
to  1879,  lecturer  on  mental  diseases  from  1879  to  1882,  and  assistant 
professor  from  1882  to  1885.  He  was  an  overseer  of  Harvard  Uni- 
versity from  1891  to  1903.  He  died  August,  1907,  in  the  Roosevelt 
Hospital,  New  York. 

It  was  not  as  a  public  servant  and  teacher  alone  that  Dr.  Folsom 
accjuired  reputation.  His  masterly  treatment  of  the  problem  of 
the  diseases  m  which  he  was  interested  and  the  extraordinary 
services  rendered  his  patients  through  this  ability  and  thoughtful 
considerations  of  their  welfare  caused  him  to  be  loved  and  admired 
by  a  large  circle  of  friends,  who  manifested  their  interest  and  affection 
by  establishing  a  scholarship  in  connection  with  the  ^Medical  School 
of  Harvard  University  named  the  "Charles  Follen  Folsom  Teaching 
Scholarship." 

James  Carroll  died  September  16,  1907.  His  death  was  in  keeping 
with  the  magnanimity,  the  heroism,  and  the  picturesqueness  of  his 
life.  Born  in  England,  June  5,  1854,  an  emigrant  to  Canada  at 
fifteen  years  of  age,  a  private  soldier  in  the  United  States  Army 
at  twenty,  he  rose  from  the  latter  position  to  that  of  a  major  and 
surgeon  in  the  medical  corps.  He  was  transferred  to  this  corps 
as  hospital  steward  in  1883.  In  1886-1887  he  attended  lectures 
at  the  Medical  Department  of  the  University  of  New  York  and  in 
the  University  of  JMaryland  in  1890-1891,  whence  he  was  graduated 
in  the  latter  year,  taking  a  postgraduate  course  in  pathology  at 
the  Johns  Hopkins  Hospital  in  1892. 

An  aptitude  for  bacteriology  and  skill  in  experiment  led  to  various 
details  of  duty  calling  for  these  qualities  and  developing  them,  until 
1900,  when  he  was  placed  on  the  Commission,  of  which  Dr.  Walter 
Reed  was  chief  and  Dr.  Lazear  associate,  to  search  out  the  cause  of 
yellow  fever.  The  part  taken  by  Carroll  in  permitting  himself  to 
be  bitten  by  the  mfected  mosquito,  the  infliction  of  the  deadly 
disease,  his  desperate  illness,  and  his  death  seven  years  later,  Sep- 
tember 16,  1907,  from  its  remote  effects,  constitute  the  acts  in  a 
tragedy  scarcely  equalled  in  the  intensity  of  its  action  and  the  heroism 
of  its  dramatis  persona  princeps. 

It  is  a  tradition  if  not  a  written  law  of  this  Association  that  the 
President's  address  should  be  brief.    This  is  a  wise  provision,  because 
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it  is  well  known  that  the  time  of  our  members  can  be  better  occupied 
in  attention  to  the  papers  on  the  program.  This  program  I  have 
sought  to  limit  in  such  manner  as  to  permit  it  to  be  carried  out 
comfortably  in  a  two  days'  session,  and  although  the  number  of 
papers  may  prove  more  than  sufficient  to  cover  the  allotted  time,  it 
seemed  impossible  to  reduce  them  further  and  at  the  same  time  allow 
for  inevitable  omissions  due  to  sickness  and  other  causes.  In 
one  particular  only  was  it  sought  to  mould  it.  In  view  of  the  great 
importance  attachmg  to  the  treatment  of  disease,  it  seemed  to  the 
President  that  a  symposium  on  therapeutics  would  be  acceptable, 
and  accordingly  one  has  been  arranged  for  the  second  day.  Many 
almost  startling  announcements  have  been  made  in  this  field  of 
medicine  in  the  recent  past,  and  some  of  the  results  claimed  have 
found  a  place  in  our  program. 


SAFEGUARDS  OF  THE  HEART-BEAT. 


By  henry  SEWALL,  Ph.D.,  M.D., 

PROFESSOR   OF  PHYSIOLOGICAL  MEDICINE   IN  THE   DENVER  AND   GROSS   MEDICAL  COLLEGE, 
DENVER,    COLORADO. 


The  student  of  disease  loses  nothing  in  accuracy  and  may  gain 
much  in  comprehension  by  pausing  now  and  then  to  contemplate  the 
principles  involved  in  phenomena  that  are  trite  and  familiar.  Thus, 
to  preserve  the  equilibrium  of  the  upright  body  there  is  a  single 
physical  condition  which  is  all-essential,  namely,  that  a  vertical  line 
dropped  from  the  centre  of  gravity  of  the  body  shall  pierce  the  area 
circumscribing  the  feet.  Let  the  frame  be  bent  to  any  extent  in  one 
direction,  equilibrium  may  still  be  preserved  by  a  definite  mechanical 
displacement  in  the  opposite.  Whether  the  area  of  support  be  large 
or  small,  the  distortion  of  the  figure  great  or  little,  the  body  will  still 
stand  provided  its  centre  of  gravity  remain  within  the  area  of  support. 

What  is  this  but  compensation,  which  secures  the  realization  of  a 
purpose  by  maintaining  the  balance  of  opposing  forces  ?  Turning  to 
the  almost  infinitely  complex  system  of  units  of  matter  and  energy 
whose  equilibrium  we  know  as  Life,  we  always  find  that  a  departure 
from  a  mean  in  one  direction  is  accompanied  by  a  corresponding 
deviation  in  another;  so  that  the  terms  "health"  and  "disease" 
find  their  best  definition,  not  according  to  some  specific  adjustment 
of  structure  and  function,  but  according  to  the  efficacy  of  the  bal- 
ancing of  ever-shifting  forces  by  which  life  is  maintained.  We  are 
wont  to  think  of  compensation  in  vital  activity  as  some  unusual  adjust- 
ment to  meet  a  critical  functional  failure;  whereas,  probably  every 
physiological  feat  accomplished  manifests  the  balancing  of  equal  and 
opposite  forces.  The  principle  here  involved  is  perhaps  the  main 
factor  in  biogenesis,  but,  nevertheless,  students  are  prone,  especially 
on  the  clinical  side,  to  neglect  its  application. 
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^^'hile  we  must  ascribe  most  adjustments  of  living  structures  to 
environment  to  slowly  acting  natural  selection,  the  history  of  a  single 
individual  may  prove  the  intimate  dependence  of  growth  upon  physi- 
cal conditions.  Thus,  Babak^  has  sho^n  that  the  external  gills  of 
amphibian  larvae  grow  luxuriantly  when  the  animals  are  kept  in 
water  poor  in  oxygen,  but  attain  progressively  smaller  dimensions 
when  the  oxygen  pressure  is  increased;  that  is,  the  ox}'gen-absorb- 
ing  organs  wax  or  wane  in  volume  in  order  that  the  tissues  they 
supply  may  receive  the  needed  complement,  no  more,  no  less,  of  the 
vitalizing  element.  To  the  same  physiological  category  belongs  the 
familiar  fact  that  the  pupil  of  the  eye  dilates  in  the  dark  and  contracts 
in  the  light,  whereby  the  sensory  cells  of  vision  escape  overstimu- 
lation and  appreciate  feeble  illumination. 

Sherrington  has  demonstrated  that  even  a  simple  motor  impulse 
to  a  skeletal  muscle  involves  a  simultaneous  inhibition  of  the  tonus 
of  the  antagonistic  muscle  group.  The  mechanisms  of  the  body  are 
probably  all  radically  imperfect  when  measured  by  the  demands  we 
make  of  artificial  instruments.  Yet  it  will  doubtless  be  found  in 
every  case  that  each  dereliction  from  mechanical  perfection  is  so 
balanced  by  compensations  that  the  range  of  usefulness  of  the  organ 
to  the  body  is  thereby  positively  enhanced.  For  example,  the  eyeball 
is  commonly  considered  to  have  its  analogue  in  the  photographer's 
camera.  But  its  imperfections  as  such  an  instrument  would  make  it 
useless  in  the  arts,  for  the  simple  reason  that  its  whole  surface  is 
permeable  to  light.  But  light  that  enters  the  eye  by  any  part  other 
than  the  pupil  must  have  penetrated  many  bloodvessels  and  become 
red  in  color.  Under  ordinary  conditions  of  vision,  then,  the  retina  is 
bathed  in  diffuse  reddish  light,  except  for  a  spot  in  the  centre  upon 
which  falls  the  white  light  which  has  entered  through  the  pupil. 
According  to  the  laws  of  physiological  contrast,  the  sensitiveness  of 
the  retina  in  this  area  must  be  kept  ever  keen  for  the  complementary 
color  to  that  which  surrounds  the  central  spot,  and  that  color  is 
green.  As  I  have  already  pointed  out,^  the  psychic  effects  of  the  verd- 
ure of  Nature,  the  uncloying  joy  of  its  greenness,  find  herein  a  physio- 

>  Ref.  in  Biophysikal.  Centralbl.,  December,  1907,  191. 

-  On  the  Physiological  Effects  of  Light  which  Enters  the  Eye  through  the  Sclerotic  Coat. 
Jour.  Phys.,  1884,  132. 
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logical  basis.  IMoreover,  it  has  also  been  demonstrated  that  acuity 
of  vision,  which  measures  the  optical  fitness  of  the  eye,  is  preeminently 
keen  when  objects  are  viewed  in  a  light  of  greenish  tinge.  AMien,  in  a 
sensory  apparatus,  we  find  that  the  most  hopeless  physical  defects 
are  turned  into  the  finest  uses  of  the  instrument,  we  may  grant, 
without  prolonging  this  line  of  analogy,  that  there  is  overwhelming 
a  'priori  probability  that  every  vital  organ  must  be  abundantly 
provided  with  efficient  means  of  circumventing  disaster  from  the 
overstrains  which  the  exigencies  of  living  necessarily  more  or  less 
habitually  entail. 

The  physiologist  has  no  compunction  of  doubt  in  describing  the 
heart  as  essentially  a  force  pump,  the  continuity  of  whose  current 
implies  the  efficient  closure  of  the  auriculoventricular  valves.  It  is 
easy  to  demonstrate  in  the  excised,  normal  heart  that  the  perfection 
of  valve  action  should  leave  nothing  to  be  desired.  Indeed,  on  forcing 
water  into  a  human  left  ventricle,  having  somewhat  fatty  walls, 
through  a  tube  tied  in  the  aortic  orifice,  I  have  caused  the  heart  wall 
to  burst  while  the  mitral  valve  refused  to  leak.  AMien  one  considers 
the  limited  range  of  dilatability  of  the  cardiac  cavities,  the  extraor- 
dinary variability  of  the  inflowing  blood  current,  the  readiness 
with  which  the  heart  may  be  overstrained  by  increase  of  the  diastolic 
blood  pressure,  and  the  irretrievable  disaster  entailed  by  prolonged 
asystole,  it  would  seem  on  a  'priori  grounds  that  there  must  be  some 
adaptation  of  the  cardiac  mechanism,  not  obvious  in  its  functional 
structure,  by  which  the  perils  of  these  conditions  may  be  averted. 
This  is  practically  the  conception  at  the  basis  of  the  epochal  work 
of  T.  Wilkinson  King,^  who,  in  1837,  published  "An  Essay  on  the 
Safety-valve  Function  of  the  Right  Ventricle  of  the  Human  Heart; 
and  on  the  Gradations  of  this  Function  in  the  Circulation  of  Warm- 
blooded Animals."  King  demonstrated  on  a  large  series  of  mam- 
mals that  when  the  right  ventricle  is  distended  with  water  introduced 
through  the  pulmonary  artery,  there  is  a  reflux  of  fluid  into  the  right 
auricle.  This  insufficiency  of  the  tricuspid  valve  is  brought  about  by 
stretching,  under  pressure,  of  the  yielding  wall  of  the  right  ventricle 
to  such  an  extent  that  the  valve  flaps  are  prevented  from  coming 
into  approximation.     Clinicians  are  daily  in  contact  with  examples 

'  Guy's  Hospital  Reports,  1837,  ii. 
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of  "relative  valvular  insufficiency"  occurring  in  patients  having 
dilated  hearts.  But  when,  according  to  clinical  symptoms  usually 
relied  upon,  there  is  demonstrable  leakage  of  the  tricuspid  valve, 
it  seems  a  reproach  of  Nature  to  describe  this  as  a  safety  mechanism, 
for  the  patient  is  already  in  desperate  straits.  From  clinical  obser- 
vation as  well  as  theoretical  considerations  I  have  long  held  the 
view  that  overdistention  of  the  ventricles  is  guarded  against  by 
compensatory  insufficiency  of  the  auriculoventricular  valves  which  is 
so  frequent  as  to  be  properly  classed  among  physiological  phenomena. 
The  physical  conditions  of  the  cardiac  circulation  are  such  as 
presumably  to  permit  extensive  regurgitation  from  either  side  of 
the  heart  without  notable  functional  disturbance.  Each  auricle 
receives  its  blood  stream  under  a  low  head  of  pressure  from  a 
reservoir  having  a  capacity  many  times  as  great  as  the  chamber 
which  it  is  to  supply.  The  walls  of  these  reservoirs,  the  pulmo- 
nary veins  and  capillaries  for  the  left  auricle,  and  the  venae 
cavae  and  their  branches  for  the  right  auricle,  are  peculiarly  exten- 
sible. These  channels  are  capable  of  accommodating,  probably 
without  very  notable  increase  of  intravenous  pressure,  an  amount  of 
blood  much  in  excess  of  that  usually  contained  therein.  The  term 
"reservoir,"  which  has  of  late  frequently  been  used  to  designate 
these  vascular  territories,  is  really  descriptive  of  their  function.  It 
is  to  be  expected  that  any  backflow  from  the  heart  which  does  not  so 
raise  the  venous  pressure  as  to  impede  the  circulation  in  the  vital 
organs,  may  be  tolerated  without  producing  physiological  disturb- 
ance. It  may,  perhaps,  also  be  assumed  that  at  the  beginning  of  a 
given  systole  the  regurgitation  of  an  amount  of  blood  which  is  very 
small  in  proportion  to  the  capacity  of  the  venous  reservoirs  might 
save  the  heart  from  dangerous  overstrain;  and  toward  the  end  of 
systole  such  backflow  could  prevent  accumulation  of  residual  blood. 
It  is  obvious  that  these  considerations  present  a  theoretical  means 
of  protecting  the  heart  against  overstrain  during  a  temporary  excess 
of  inflow  without  in  any  way  interfering  with  the  work  of  other 
organs;  in  other  words,  such  regurgitation  from  the  ventricles  would 
represent  a  true  "safety-valve"  action  of  the  auriculoventricular 
leaflets.  As  will  be  pointed  out  later,  it  is  to  be  expected  that  such 
valvular  insufficiency  would  altogether  escape  ordinary  observation. 
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because  the  amount  of  blood  thus  injected  into  the  auricles  and 
veins  is  not  sufficient  sensibly  to  distend  them.  But  when  the  back- 
flow  through  the  auriculoventricular  valves  persists,  the  excess 
of  blood  entering  the  heart  over  that  leaving  it  is  stored  up  in  the 
auricles  and  veins,  and  leads  to  a  progressive  increase  of  venous  press- 
ure. In  such  an  extremity  the  veins  are  engorged  and  may  pulsate 
visibly  like  arteries  with  contraction  of  the  ventricle,  because  the 
elasticity  of  their  walls  has  been  pushed  to  the  limit.  The  heart  is 
now  permanently  dilated;  the  auricles  may  be  fixed  in  paralytic 
distention,  and  the  atrial  rings  are  so  stretched  that  their  valves  are 
relatively  insufficient.  Nevertheless,  the  disastrous  march  toward 
venous  plethora  and  arterial  ischemia  may  be  checked  at  any  point 
whenever  the  forces  of  compensation  are  able  to  equalize  the  rate  of 
inflow  and  outflow  of  the  heart.  Wonderful  as  it  seems,  the  physio- 
logical demands  of  the  body  may  be  satisfied  indefinitely  by  a  cir- 
culation maintained  by  a  pump  with  radically  defective  valves. 

Clinical  observers,  for  the  most  part,  appear  to  regard  the  occur- 
rence of  tricuspid  insufiiciency  as  a  late  link  in  the  chain  leading  to 
heart  failure — an  event  manifested  by  engorgement  and  pulsation 
of  the  central  veins,  enlargement  and  pulsation  of  the  liver,  and  a 
well-marked  systolic  murmur  audible  over  the  precordium  with  maxi- 
mum intensity  in  the  tricuspid  area.  Gibson,  however,  is  quoted 
by  Babcock^  as  thus  characterizing  tricuspid  regurgitation:  "It  is 
incomparably  the  most  common  of  valvular  lesions,  and  the  reason 
this  fact  is  not  brought  out  in  statistics  upon  the  relative  frequency 
of  valve  defects  is  to  be  found  in  the  circumstance  that  incom- 
petence of  the  tricuspid  valve  does  not  in  itself  seriously  impair  the 
general  course  of  the  circulation,  and  it  is  therefore  often  found 
among  those,  who,  although  under  treatment  for  various  affections, 
have  no  cardiac  symptoms.  It  accordingly  escapes  observation  unless 
especially  sought  for."  Babcock  deprecates  this  statement  of 
Gibson's  which  is,  however,  quoted  here  because  it  expresses  exactly 
the  conclusions  to  which  my  own  clinical  studies  have  led.  The 
class  of  cases  which  affords  the  evidence  for  this  belief  is  one  in  which 
there  are  usually  no  subjective  symptoms  and  few  of  the  classic 
signs  of  cardiac  disorder.    In  fact,  the  subjects  have  not  heart  dis- 

J  Diseases  of  the  Heart  and  Arterial  Systeiu.  1903.  343. 
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ease,  as  a  rule,  but  only  the  functional  expression  of  cardiac  over- 
strain. There  is  often  even  no  complaint  of  shortness  of  breath  on 
exertion.  A  systolic  murmur,  usually  faint  and  soft,  with  much  the 
quality  of  the  normal  inspiratory  sound  in  the  lungs,  is  often  heard 
with  greatest  intensity  along  the  lower  left  border  of  the  sternum. 
But  the  auscultatory  signs  in  this  region  are  too  various  and  uncer- 
tain in  origin  to  permit  of  diagnosis  by  the  murmur  alone.  Careful 
outlining  of  the  heart  by  percussion  usually  shows  the  area  of  dulness 
to  be  somewhat  increased  to  the  right,  but  this  sign  is  by  no  means 
distinctive  of  vahailar  insufficiency. 

In  an  admirable  series  of  experiments,  Roy  and  Adami^  long  ago 
studied  the  time  relations  of  movements  in  various  parts  of  the  dog's 
heart.  They  compared  the  movements  of  the  cardiac  wall  with 
those  of  the  papillary  muscles  by  means  of  tracings  obtained  from 
levers  attached  to  hooks,  one  of  which  was  plunged  into  the  surface 
of  the  ventricle  and  the  other  inserted  through  the  edge  of  a  mitral 
valve. 

Their  records  show  that  at  the  beginning  of  ventricular  systole, 
during  the  period  of  "rising  tension,"  the  edge  of  the  valve  is  forced 
somewhat  into  the  cavity  of  the  auricle,  but  that  the  terminal  act  of 
ventricular  systole  is  marked  by  a  sharp  dowmward  jerk  of  the  valve 
as  the  wave  of  contraction  invades  the  papillary  muscles;  and  it  is, 
according  to  them,  this  sudden  increase  of  tension  which  throws 
open  the  aortic  valves.  Forewarned  of  the  danger  of  depending  upon 
a  priori  arguments,  we  may  still  assume  provisionally  that,  were  the 
wave  of  contraction  to  fail  to  involve  the  papillary  muscles,  these 
bands  would  be  stretched  like  elastic  cords,  and,  as  the  ventricular 
parietes  approximate  in  systole,  a  leakage  through  the  up-pushed 
valve  should  be  expected.  It  is  evident  that  the  period  in  the  cardiac 
cycle  at  which  such  regurgitation  would  occur  might  either  cover  the 
whole  period  of  ventricular  contraction,  or  be  limited  to  the  early 
phase  thereof  in  case  the  contraction  wave  progressed  with  unusual 
slowness,  or  it  might  be  restricted  to  the  end  of  the  ventricular  out- 
flow in  case  the  contractile  tonus  first  abandons  the  papillary  muscles. 
Tracings  of  the  venous  pulse  suggestive  of  the  latter  condition  are 
obtained  with  great  frequency.    My  conception  of  functional  con- 

1  Heart-beat  and  Pulse  Wave.      Practitioner,  1890. 
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traction  failure  of  the  papillary  muscles  was  suggested  by  the  analogy 
of  results  obtained  many  years  ago  in  experiments  upon  the  skeletal 
muscles.  ^Vllen  a  lever  is  laid  over  each  end  of  a -frog's  muscle, 
which  is  fixed  at  one  extremity  and  rests  upon  a  horizontal  support, 
the  contraction  wave,  started  at  one  end  of  the  muscle  by  a  submaxi- 
mal  stimulus,  is  found  to  diminish  progressively  in  height  as  it 
traverses  the  fibers.  As  the  stimulus  is  weakened  the  wave  involves 
less  and  less  of  the  length  of  the  fibers.  When  a  third  lever,  in  con- 
nection with  the  free  end  of  the  muscle,  registers  its  shortening,  it 
is  found  that  the  length  of  the  latent  period  of  contraction  varies 
inversely  with  the  strength  of  the  stimulus;  that  is,  the  greater  the 
length  of  the  inert  elastic  tissue  that  is  interposed  between  the  con- 
tracting moiety  of  the  muscle  and  the  lever,  the  more  time  it  requires 
to  bring  the  inactive  part  of  the  muscle  into  tension  sufficient  to  lift 
the  weighted  lever. 

The  analogy  between  these  results  and  the  facts  of  cardiac  activity 
is  not  far  to  seek.  Physiological  experiment  on  the  excised  heart 
muscle  shows  not  only  variability  in  the  rate  of  progress  of  the  con- 
traction wave,  but,  at  least  in  cold-blooded  animals,  an  extraordinary 
tendency  for  the  contraction,  started  at  one  end  of  a  bundle  of  fibers, 
to  die  out  before  it  reaches  the  other.  The  clinical  phenomenon  of 
"heart  block"  is  sufficient  evidence  that  somewhere  in  the  contractile 
chain  a  conducting  link  is  defective. 

Students  of  the  heart-beat  have  generally  been  impressed  with  a 
something  like  specificity  in  the  functions  of  the  papillary  muscles. 
In  another  place^  certain  evidences  in  this  direction  are  thus  pre- 
sented: "J.  G.  Adami,^  summarizing  the  results  of  experiments 
made  by  Roy  and  himself  on  the  dog's  heart,  speaks  of  the  contrac- 
tion of  the  papillary  muscles  as  'virtually  independent'  of  that  of 
the  ventricular  wall.  'The  more  we  have  studied  the  tracings 
obtained  under  various  conditions,  the  more  we  have  been  led  to 
conclude  that  the  moment  when  they  begin  to  contract  is  not  pri- 
marily dependent  upon  the  moment  of  commencing  ventricular 
contraction.     We  find,  for  example,   that  an  overdose  of  liquor 

1  On  the  Clinical  Relations  of  the  Papillary  Muscles  of  the  Heart.  Philadelphia  Monthly 
Med.  Jour.,  September,  1899. 

-  On  the  Action  of  yie  Papillary  Muscles  of  the  Heart.  Proc.  Cambridge  Philosoph.  Sec, 
vii,  part  II. 
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strychninfe  may  lead  to  complete  asynchronism  between  these  two 
components  of  the  ventricular  action;  or,  again,  there  may  be  a 
ventricular  systole  unaccompanied  by  papillary  contraction,  or 
vice  versa.  Fenwick  and  Overend'  studied  the  contractile  move- 
ments of  the  papillary  muscles  and  apex  of  the  excised  heart  of  the 
rabbit.  They  found  that  the  papillaries  began  their  contraction 
later  than  the  apex,  and  they  state:  'We  never  observed  a  difference 
as  regards  the  commencement  of  the  curves  of  less  than  one-twentieth 
of  a  second.  The  papillaries,  however,  speedily  lag  more  and  more 
behind  the  ventricles  until  they  cease  altogether.'  " 

Haycraft  and  Paterson,-  in  repeating  these  experiments,  find  that 
in  the  fresh  heart  the  papillary  muscles  contract  simultaneously  with 
the  ventricle.  Later  the  papillary  muscles  may  begin  to  contract 
before  or  after  the  ventricular  wall.  Fenwick  and  Overend  continue 
^'It  is  well  known  that  these  muscles  [the  papillaries]  are  particularly 
prone  to  all  forms  of  structural  degeneration,  and  that  their  condition 
constitutes  the  most  delicate  index  of  the  general  state  of  cardiac 
nutrition.  In  fact  they  might  be  termed  the  'cardiac  extremities,' 
since,  from  their  single  attachments  to  the  ventricular  walls,  they 
must  necessarily  derive  their  entire  blood  supply  from  the  nutritive 
vessels  which  enter  at  their  bases.  In  short,  their  circulation  must 
be  of  a  terminal  character.  It  is,  therefore,  obvious  that  the  musculi 
papillares  are  at  the  outset  even  structurally  predisposed  to  exhaus- 
tion and  degeneration,  and  any  condition  which  tends  to  lower  the 
nutrition  of  the  heart  as  a  whole  must  affect  them  with  a  mao^nified 
degree  of  intensity." 

In  reflecting  on  the  feasibility  of  obtaining  experimental  evidence 
of  functional  tricuspid  insufficiency,  it  seemed  probable  that  clinical 
studies  of  the  jugular  pulse  might  furnish  the  desired  facts.  From 
the  very  nature  of  the  conditions  assumed  to  underlie  such  circulatory 
failure,  it  is  manifest  that  the  clinician  and  not  the  physiologist 
can  find  ready  at  hand  appropriate  material  for  observation.  At 
the  very  outset  of  these  studies  I  was  astonished  at  the  unexpected 
wealth  of  material  presented  in  the  persons  of  patients  whose  hearts 
would  pass  as  perfect  to  ordinary  clinical  examination.    One  easily 

1  Report  on  the  Contraction  of  the  Papillary  Muscles,  and  its  Relation  to  the  Production 
of  Certain  Abnormal  Cardiac  Sounds.    Brit.  Med.  Jour.,  1891,  i,  1117. 

2  The  Time  of  Contraction  of  the  Papillary  Muscles.      Jour.  Phys.,  1896,  xi.x;,  262. 
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becomes  convinced  that  the  vascular  movements  of  the  neck  are 
concerned  much  more  prominently  with  changes  in  the  veins  than  in 
the  arteries.  The  observations  can  usually  only  be  made  while  the 
subject  is  in  the  recumbent  position.  When  this  posture  is  assumed, 
a  rapid,  more  or  less  dicrotic  undulation  of  the  skin  above  the  inner 
ends  of  the  clavicles  is  common  and  signifies  variations  in  the  volume 
or  tension  of  the  great  vessels  beneath.  But,  to  one  who  has  not 
definitely  investigated  the  subject,  it  will  cause  surprise  with  what 
frequency  the  external  jugular  veins  themselves  become  prominent 
and  actively  pulsate. 

With  a  stethoscope  applied  to  the  heart,  it  is  plain  in  this  class  of 
"normal"  subjects  that  the  swelling  of  the  external  jugular  vein 
usually  begins  just  before,  and  reaches  its  acme  during,  the  first  sound 
of  the  heart;  it  is  common,  perhaps  usual,  for  the  blood  wave  to  distend 
the  vein  with  a  dicrotic  motion.  When  a  jugular  vein  is  clamped  by 
finger  pressure  high  in  the  neck,  it  drains  more  or  less  completely. 
A  pulsatile  filling  of  the  vein  under  these  conditions  seems  to  postulate 
a  true  systolic  regurgitation  from  the  auricle  or  ventricle  rather  than 
a  mere  rhythmic  interruption  of  the  stream  which  normally  traverses 
the  vein.  But  more  commonly  it  occurs  that  the  swelling  and  pulsa- 
tion of  an  external  jugular  vein  completely  disappear  when  the  vessel 
is  occluded  above;  therefore,  the  important  conclusion  is  deduced 
that  venous  pulsation  does  not  necessarily  predicate  the  translation 
of  blood  mass  from  heloiv,  but  only  that  of  a  mechanical  impact.  Not 
infrequently,  with  each  heart-beat  the  neck  swells  laterally  along  the 
course  of  the  carotids.  That  this  slow  wave  is  due  to  engorgement 
of  the  internal  jugular  trunks  and  not  to  arterial  pulsation  seems 
proved  by  the  fact  that  it  ceases  if  the  fingers  are  pressed  gently 
down  behind  the  inner  end  of  the  clavicle;  at  the  same  time  the  exter- 
nal jugular  vein  on  the  same  side  becomes  turgid  and  its  pulsation 
ceases.  The  pressure  has  simply  blocked  the  communication  between 
the  jugular  branches  and  the  heart  without  interfering  with  the 
carotid  blood  flow,  which  still  may  transmit  its  abrupt  pulse  wave  to 
the  tissues. 

Graphic  tracings  may  be  made  of  these  various  pulsations.  AMien 
the  transmitting  tambour  is  placed  over  the  carotid  artery  under  the 
angle  of  the  jaw,  the  tracing  obtained  closely  resembles  the  sphyg- 
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mogram  of  the  radial  pulse.  A\Tien  the  tambour  is  applied  to  the 
area  of  undulation  above  the  clavicle,  the  record  may  still  have  the 
characters  of  the  arterial  sphygmogram,  or  it  may  take  on  quite  a 
new  form,  that  of  the  venous  pulse. 

According  to  IMackenzie^  the  occurrence  of  a  venous  pulse  always 
indicates  a  certain  degree  of  cardiac  insufficiency  and  "limitation 
of  the  field  of  physiological  response,"  recovery  from  which  depends 
upon  the  degree  of  overstrain  to  which  the  myocardium  has  been 
subjected.  In  certain  cases  it  can  be  noticed  that  a  typical  venous 
pulse  tends  to  assume  the  arterial  form  after  the  subject  has  taken  a 
few  deep  breaths.  With  the  registering  apparatus  usually  employed, 
the  venous  pulse  is  found  to  be  made  up  of  a  group  of  three  char- 
acteristic waves  (v,  a,  c,  Fig.  1),  a  special  discussion  of  which  is  not 
intended  here. 

The  a  wave  is  admitted  to  be  synchronous  with  the  contraction  of 
the  auricle  and  to  be  caused  by  it.  The  c  wave  is  synchronous  with 
contraction  of  the  ventricle,  though  the  cause  of  its  formation  is  in 


X  y 

Fig.  1. — TjTjical  venous   pulse       The   depression   x  marks   the   extreme   relaxation  of  the 
auricle,  and  y  the  corresponding  state  of  the  ventricle. 

dispute.  When  the  levers  registeriog  the  venous  and  the  carotid  pulse 
are  placed  in  the  same  vertical  line  on  a  (travelling)  smoked  paper,  it 
is  found  that  the  c  wave  begins  about  the  period  of  outflow  into  the 
aorta,  as  marked  by  the  ascent  of  the  carotid  tracing.  The  v  wave, 
in  the  class  of  cases  here  under  discussion,  usually  begins  about  the 
end  of  the  period  of  outflow  from  the  heart,  marked  on  the  carotid 
tracing  by  the  dicrotic  notch.  The  origin  of  the  v  wave  is  ascribed 
by  jNIackenzie  to  the  rising  pressure  within  the  auricle  due  to  the 
constant  inflow  of  blood  during  the  ventricular  systole.  The  sudden 
decline  of  the  v  wave  is  dependent  upon  the  emptying  of  the  auricle 
into  the  distending  ventricle,  after  completion  of  ventricular  systole. 
Among  patients  presenting  themselves  for  examination  on  account 
of  a  wide  range  of  functional  disorders,  I  have  been  struck  with  the 
uniformity  with  which'  evidences  of  cardiac  insufficiency  could  be 

>  The  Study  of  the  Pulse.  1902 
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distinguished,  based  both  upon  the  nature  of  the  symptoms  and  the 
character  of  the  venous  pulse.  I  have  been  led  to  believe  that  func- 
tional insufficiency  of  the  tricuspid  valve  is  of  frequent  occurrence  in 
such  cases,  and  that  it  occurs  without  extraordinary  dilatation  of  the 


a  \c 


Fig.  2. — From  an  anemic  girl  aged  fourteen  years.  The  upper  tracing  is  that  of  the 
right  internal  jugular  pulse,  showing  a  double  crest  to  the  v  wave.  The  lower  tracing  is 
from  the  carotid  artery;  o  is  the  beginning  of  ventricular  outflow,  and  d,  at  the  dicrotic 
notch,  marks  the  cessation  of  outflow.  Events  on  the  same  vertical  line  in  the  two 
tracings  are  simultaneous. 

heart.  Objective  evidence  of  such  regurgitation  is  furnished  by 
certain  forms  of  the  venous  pulse.  Thus,  in  Fig.  2,  it  is  seen  that  the 
V  wave  has  a  double  crest,  or,  rather,  the  wave  v,  which  begins  just 
at  the  moment  of  closure  of  the  aortic  valves,  as  determined  by  the 


Fig.  3. — Tracings  of  the  right  internal  jugular  and  left  carotid  pulses  from  an  athletic  boy 
aged  eighteen  years,  who  had  overstrained  his  heart  with  exercise.  Note  the  undulations 
on  the  descending  limb  of  the  c  wave,  which  can  hardly  be  due  to  instrumental  defects. 


dicrotic  notch  in  the  lower  tracing,  is  immediately  preceded  by  a 
wave  which  is  completed  during  the  last  moments  of  ventricular 
outflow.  At  this  time  the  auriculoventricular  valves  should  be 
firmly  closed,  and  there  is  no  apparent  reason  why  the  gradual 
increase  of  auricular  diastolic  pressure,  as  marked  by  the  v  wave, 
should  be  interrupted. 
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But  if  we  may  assume  that  toward  the  end  of  ventricular  systole 
the  papillary  muscles  relax,  it  is  obvious  that  the  tricuspid  valves 
might  be  lifted  by  the  intraventricular  pressure  and  allow  the  regur- 
gitation of  a  certain  amount  of  blood  which  might  cause  the  first 
elevation  of  the  wave  v.  It  is  obvious  that  the  earlier  in  the  systole 
of  the  ventricle  the  assumed  papillary  relaxation  occurs,  the  earlier 
is  the  projected  wave  depicted  upon  the  tracing;  thus,  in  Fig.  3,  the 
notch  on  the  descending  limb  of  the  c  wave  apparently  illustrates 
such  a  condition.  Marked  insufficiency  of  the  papillary  muscles 
occurring  early  in  ventricular  systole  might  readily  so  reduce  resist- 
ance to  regurgitation  that  the  arterial  outflow  would  cease  and  the 
semilunar  valves  be  closed  prematurely. 

The  well-known  variations  in  the  height  and  extent  of  the  v  wave 
which  depict  the  progress  of  early  cardiac  insufficiency  are  readily 
explained  by  conditions  like  these.  These  graphic  symbols  have 
their  symptomatic  counterpart,  and,  in  a  rather  limited  experience, 
I  have  been  gratified  with  the  therapeutic  results  of  treatment 
directed  to  the  conservation  of  cardiac  energy  in  such  cases. 
Mackenzie  exhibits  many  tracings  which  represent  the  double  apex 
of  the  V  wave.  In  his  explanation  of  the  double  crested  v  wave,  he 
attributes  the  portion  preceding  the  notch,  which  coincides  with 
the  terminal  period  of  arterial  outflow,  to  the  same  accumulation  of 
blood  within  the  auricle,  which,  according  to  him,  causes  the  usual 
V  wave,  while  he  assumes  the  portion  of  the  wave  following  the 
notch  to  be  due  to  tricuspid  regurgitation  resulting  from  the  resist- 
ance to  backflow  into  the  auricle  suddenly  falling  below  that  offered 
to  outflow  through  the  pulmonary  artery.  Such  an  explanation 
would  involve  a  shortening  of  the  period  of  outflow,  for  which  there 
seems  no  evidence,  and,  according  to  pulse  tracings,  an  extreme  pro- 
longation of  the  period  of  ventricular  contraction.  According  to 
the  theory  proposed  in  this  paper,  regurgitation  might  readily  occur 
either  before  or  following  semilunar  closure  or  during  both  periods. 
In  cases  of  "premature  systole,"  with  the  stethoscope  applied  over 
the  heart,  one  frequently  hears  a  short  first  sound,  sometimes  accom- 
panied by  an  obscure  murmur,  followed  quickly  at  times  by  a  second 
sound  of  semilunar  closure.  The  radial  pulse  wave  belonging  to 
the  short  ventricular  systole  is  usually  absent,  but  at  the  moment 
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of  systole  there  is  a  sudden  bulging  of  the  jugular  bulbs,  which  forms 
a  striking  feature  of  the  dyscrasia.  An  obvious  explanation  of  the 
phenomenon  is  that  the  contractile  wave  which  seizes  the  ventricular 
muscle  fails  to  reach  the  distal  extremities  of  the  fibers;  the  resistance 
to  outflow  into  the  auricle  is,  therefore,  less  than  that  into  the  aorta, 
and,  accordingly,  most  of  the  ventricular  content  is  regurgitated. 
The  fact  that  the  aortic  resistance,  and  doubtless  that  in  the 
pulmonary  artery  as  well,  rises  steadily  from  minimal  to  maximal 
pressure  between  the  beginning  and  the  end  of  ventricular  outflow 
may  possibly  determine  the  failure  of  the  weaker  part  of  the  cardiac 
muscle  toward  the  end  of  systole.  Hewlett^  would  probably  class 
such  regurgitations  as  examples  of  the  "positive  venous  pulse" 
dependent  upon  simultaneous  contraction  of  auricles  and  ventricles. 
Even  if  these  two  chambers  do  contract  simultaneously,  of  which 
there  has  been  no  evidence  in  the  examples  studied  by  me,  such 
synchronism  of  action  should  be  attended  by  regurgitation  from  the 
ventricle,  because  its  systole  begins  while  the  auriculoventricular 
valves  are  still  open.  But,  as  demonstrated  by  INIackenzie  in  his 
chapters  on  irregular  heart  action,  the  venous  pulse  in  such  cases  can 
only  be  interpreted  in  the  light  of  an  exact  conception  of  the  relative 
time  phases  of  auricle  and  ventricle,  a  subject  which  cannot  be 
entered  into  here. 

Before  concluding  this  important  subject  it  is  well  to  picture  again 
the  condition  of  hydrostatic  pressure  existing  within  the  ventricle 
toward  the  end  of  ventricular  systole.  The  whole  mass  of  the  organ 
is  in  strong  contraction.  The  auriculoventricular  valves  are  held 
down  at  an  indeterminate  level  by  the  pull  of  the  papillary  muscles. 
Suddenly,  now,  the  outflow  through  the  pulmonary  artery  ceases, 
and,  provided  there  remains  in  the  ventricle  a  sufficient  residue  of 
hlood,  there  is  just  as  suddenly  imparted  to  the  under  surface  of  the 
auriculoventricular  valve  an  excess  of  pressure  proportional  to  the 
relief  of  strain  which  has  been  cut  off  by  closure  of  the  semilunar 
valves.  It  seems  wholly  probable  that  the  valve  should  thereby  be 
pushed  more  or  less  into  the  cavity  of  the  auricle  and  impart  to  its 
contained  blood  an  impulse.  As  has  already  been  shown,  such  an 
impulse  could  give  rise  to  a  wave  in   the  venous  tracing  without 

1  The  Interpretation  of  the  Positive  Venous  Pulse.      Jour.  Med.  Research,  October,  1907. 
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necessarily  involving  any  considerable  displacement  of  blood  mass. 
It  is  most  significant  that  the  more  nearly  normal  the  subject  in 
whom  the  venous  pulse  is  recorded,  the  more  exactly  does  the  begin- 
ning of  the  V  wave  correspond  with  the  moment  of  closure  of  the 
semilunar  valves.  Now  let  us  conceive  the  course  of  events  under 
conditions  of  weakness  of  the  papillary  muscles.  The  resistance  to 
ventricular  outflow  increases  as  the  systole  progresses  and  arterial 
pressure  rises.  This  heightened  hydrostatic  pressure  is  imparted 
to  the  auriculoventricular  valve,  producing  a  strain  whose  total 
value  is  dependent  upon  the  surface  exposed.  It  should  be  expected 
that,  were  the  tone  of  the  papillary  muscles  to  lessen  toward  the  end 
of  systole,  still  more,  were  the  valve  to  become  insufficient,  we  would 
find  the  v  wave  of  the  venous  pulse  to  take  its  origin  at  a  variable 
period  preceding  semilunar  closure;  and  any  sudden  increase  of  the 
impulse  imparted  to  the  auricular  contents,  such  as  might  be  caused 
by  a  jet  of  blood  escaping  from  the  ventricle,  could  very  well  cause  a 
doubling  of  the  v  wave  such  as  is  actually  found  in  tracings  of  certain 
weak  hearts. 

From  an  a  priori  point  of  view  it  would  seem  probable  that  a 
safety-valve  action  of  the  auriculoventricular  mechanism  would  be 
especially  liable  to  occur  at  the  beginning  of  ventricular  systole  when 
the  ventricle  is  most  distended  and  its  contractile  substance  at  the 
greatest  mechanical  disadvantage.  It  would  seem  that  any  undue 
retardation  of  the  wave  of  contraction  might  permit  such  stretching 
of  the  papillary  muscles  as  to  allow  regurgitation  of  blood  during  the 
"period  of  rising  tension."  The  c  wave,  which  covers  most  of  the 
period  of  outflow  from  the  ventricle,  should  be  modified  by  such 
regurgitation,  but  the  factors  entering  into  its  production  are  still 
too  uncertain  to  permit  conclusions  to  be  drawn  from  its  change  of 
form.  It  may  be  said,  however,  that  in  many  of  my  tracings  from 
cases  of  functional  heart  weakness  the  magnification  in  the  height 
of  the  c  wave  is  very  suggestive  of  valvular  insufficiency  early  in 
systole. 

The  so-called  safety-valve  action  of  the  auriculoventricular  trap- 
door, whatever  its  significance  in  the  cardiac  economy,  is  generally 
regarded  as  an  attribute  of  the  right  ventricle  alone.  If  there  be  any 
truth  in  the  proposition  advanced  above,  that  insufficiency  of  the 
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auriciiloventricular  valve  may  occur  through  stretching  of  inert 
papillary  muscles  at  the  time  of  ventricular  systole,  there  seems  no 
reason  why  the  same  events  should  not,  under  appropriate  circum- 
stances, attend  the  action  of  the  left  ventricle.  The  anatomical 
fact  that  the  tricuspid  valve  is  suspended  to  a  thick,  circular  ring  of 
muscle,  while  the  larger  anterior  flap  of  the  mitral  valve  is  made  by  a 
prolongation  of  the  aortic  wall,  would  lead  to  the  expectation  that 
functional  dilatation  of  the  auriculoventricular  opening  of  the  right 
side  might  easily  occur,  but  not  of  the  left.  Tracings  of  the  jugular 
pulse  seem  to  offer  experimental  evidence  of  events  occurring  on  the 
right  side  of  the  heart.  One  might  expect  that  the  record  of  move- 
ments of  the  left  auricle,  which  can  be  obtained  by  connections  with 
a  rubber  balloon  resting  in  the  oesophagus,  should  furnish  certain 
evidence  of  mitral  regurgitation.  Yet  Rautenberg,^  in  his  observa- 
tions on  this  subject,  expressly  states  that  in  well-compensated  organic 
insufficiency  of  the  mitral  valve  the  tracings  of  pressure  changes  and 
movements  of  the  left  auricle  are  almost  identical  with  those  derived 
from  the  normal  subject.  Yet  speculation,  if  sharply  defined  as 
such,  seems  entirely  excusable  on  so  important  a  subject. 

The  distress  of  an  enfeebled  heart  is,  in  general,  determined 
by  the  strain  imposed  by  an  excess  of  blood  in  one  or  more  of  its 
chambers.  It  is  manifestly  important  for  the  pathologist  to  know 
the  normal  variations  of  the  intracardiac  blood  pressure  and  the 
reactions  of  the  cardiac  chambers  thereto.  There  can  be  little 
doubt  that  the  movements  of  respiration  normally  produce  a  rhyth- 
mic variation  of  the  ratio  of  intracardiac  pressure  on  the  two  sides 
of  the  heart,  yet  definite  physiological  observations  on  this  impor- 
tant subject  seem  to  be  wanting. 

It  is  admitted  that  the  inflow  of  blood  to  the  right  auricle  is  accel- 
erated with  the  movement  of  inspiration  and  retarded  Avith  that  of 
expiration.  In  inspiration  the  vascular  bed  of  the  lungs  is  increased 
and  the  resistance  opposed  to  opening  the  pulmonic  semilunar  valves 
is  probably  diminished;  but  the  aspirating  force  of  inspiration 
would  presumably  be  still  more  effective  in  retarding  the  blood  flow 
into  the  left  auricle;  therefore,  during  inspiration  we  should  expect 

1  Die  Registrierung  der  Vorhofspulsationen  voii  der  Speiserohre  aus,  Deut.  Arch.  f.  klin. 
Med.,  September,  1907. 
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an  overfilled  right  heart  and  an  underfilled  left  heart.  The  mechani- 
cal efl^ect  of  an  expiratory  movement  is  just  the  reverse,  and  during 
expiration  the  diastolic  content  of  the  right  heart  would  be  decreased, 
while  that  on  the  left  would  be  increased.  An  alternation  of  heart 
strain  on  the  two  sides  would  presumably  run  parallel  with  the  degree 
of  filling.  A  comparison  of  the  curves  of  intrathoracic  and  arterial 
blood  pressure  gives  general  support  to  the  foregoing  position;^ 
but  the  temptation  to  build  upon  even  the  most  plausible  theoretical 
notions  is  counteracted  by  the  advance  knowledge  that  the  only 
trustworthy  conclusion  is  to  be  reached  by  exact  experimentation. 

It  is  very  desirable  that  we  should  have  at  hand  means  for  the 
clinical  estimation  of  the  changing  relations  of  heart  strain.  There  is 
reason  for  supposing  that  such  a  means  is  to  some  extent  provided 
in  the  physiological  reduplication  of  the  heart  sounds. 

These  reduplications,  whatever  their  cause,  are  synchronous  with 
definite  phases  of  respiratory  movement.  I  have  elsewhere  pointed 
out"  that  a  splitting  of  the  second  sound  at  the  base  of  the  heart, 
beginning  early  in  inspiration  and  increasing  in  interval  to  the  end 
of  the  movement,  is  a  perfectly  normal  phenomenon.  Reduplication 
of  the  first  sound  of  the  heart  at  the  apex,  although  somewhat  less 
frequent,  is  still  extremely  common.  Potain  long  ago  showed  that 
this  doubling  is  usually  confined  to  the  end  of  the  period  of  expira- 
tion. I  have  already  discussed  this  subject  at  length,  concluding  that 
reduplications  of  the  first  sound  of  the  heart  are  a  sign  of  somewhat 
excessive,  but  still  physiological,  heart  strain. 

Clinical  observation  shows  that  the  reduplication  of  the  first 
sound  at  the  apex  is  usually  heard  only  in  the  erect  position.  When 
the  subject  lies  supine  the  reduplication  disappears  and  is  commonly 
replaced  by  a  soft  systolic  murmur  that  might  easily  escape  detection. 
I  have  ventured  the  opinion  that  the  reduplication  itself  is  due 
usually  to  a  late  contraction  of  the  papillary  muscles  of  the  left 
ventricle  causing  a  corresponding  and  isolated  sound  of  valve- 
tension,  and  that  the  systolic  murmur  in  the  recumbent  position  is 
due  to  a  real  valvular  insufficiency  from  imperfect  papillary  con- 

1  Foster's  Physiolog>',  4th  ed.,  364. 

'  The  Clinical   Significance  of   Reduplication  of   the  Heart  Sounds.      Amer.  Jour.  Med. 
Sci.,  1898,  cxvi. 
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traction.  Although  the  evidences  for  this  conclusion  are  far  from 
satisfactory,  they  seem  to  harmonize  from  different  points  of  view. 
If  crucial  proof  of  the  correctness  of  the  suggestion  can  ever  be  fur- 
nished, a  common  "safety-valve"  action  of  the  mitral  mechanism 
will  have  been  established.  The  a  priori  probability  that  the  right 
ventricle,  at  least,  is  provided  with  the  capacity  for  a  safety  outflow 
within  the  range  of  physiological  action  is  greatly  strengthened  by 
the  clinical  study  of  persons  who  manifestly  suffer  from  functional 
insufficiency  of  the  heart  and  in  whom  tracings  of  the  jugular  pulse 
furnish  the  most  constant  objective  sign  of  the  cardiac  weakness. 

^Ve  turn  now  from  a  consideration  of  the  problematical  functional 
insufficiency  of  the  auriculoventricular  valves,  the  purpose  of  which 
in  the  economy  must  be  to  save  the  ventricles  from  overstrain,  to  a 
similar  provision  looking  to  the  safety  of  the  auricles.  Admitting 
that  the  so-called  "negative"  venous  pulse  may  at  times  have  its 
orio-in  in  mere  rhvthmic  intermission  and  acceleration  of  blood  flow 
into  the  right  auricle,  there  seems  in  many  cases  no  doubt  of  the  truth 
of  ^Mackenzie's. contention  that  even  the  "negative"  or  "auricular" 
form  of  venous  pulse  represents  imperfect  closure  of  the  mouths  of 
the  great  veins  at  the  time  of  auricular  systole,  allowing  regurgitation 
of  blood  from  the  contracting  auricle.  The  important  conclusion, 
deduced  by  Mackenzie  from  his  clinical  studies,  that  the  existence 
of  such  a  venous  pulse  always  postulates  a  "limitation  of  the  field  of 
response"  of  the  heart,  almost  necessarily  carries  with  it  the  cor- 
rollary  that  even  the  lighter  forms  of  venous  pulse  are  manifestations 
of  a  compensation  through  which  overstrain  of  the  delicate  auricle 
is  prevented  through  backflow  into  the  capacious  "venous  reservoir." 
A  consideration  of  the  conditions  in  compensated  mitral  disease 
leaves  little  doubt  that  the  left  auricle  enjoys,  at  least,  as  efficient  a 
protective  outlet  as  the  right. 

In  conclusion,  while  admitting  the  lack  of  the  essential  crucial 
evidence  for  the  positions  assumed  in  this  paper,  the  physician  in 
his  practice  must  often  act  wnth  less  secure  support.  Strength  has 
been  added,  I  trust,  to  the  conception  that  regurgitation  from  the 
auricles,  thus  preventing  overstrain,  is  an  occurrence  so  frequent  that 
it  cannot  be  regarded  as  a  pathological  event.  Also,  the  indications 
are  unmistakable  that  regurgitation  from  one  or  both  ventricles, 
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not  caused  by  excessive  dilatation  of  the  auriculoventricular  rings, 
but  due  to  valvular  insufficiency  produced  in  another  way,  is  an  early 
and  habitual  sign  of  heart  weakness.  The  therapeutic  importance 
of  the  recognition  of  such  signs  of  enfeeblement  hardly  needs  an 
advocate. 


A  gi.o:merular  lesion  of  experimental 

NEPHRITIS/ 
By  henry  a.  christian,  M.D., 

BOSTON'. 

(From  the  Laboratory  of  the  Department  of  the  Theory  and  Practice  of  Physic,  Harvanl 

University.) 


During  the  past  few  years  experimental  nephritis  has  been 
extensively  studied,'  and  the  lesions  produced  by  a  variety  of  sub- 
stances have  been  investigated  histologically.  Uranium  nitrate  has 
been  the  substance  which  has  proved  most  useful  in  these  experi- 
mental studies,  since,  as  pointed  out  by  Richter,^  it  produces  renal 
lesions  which  simulate  human  nephritis  much  more  closely  than 
do  those  produced  by  other  toxic  substances,  in  that  oedema  is  a 
common  accompaniment  of  the  uranium  nitrate  lesions. 

Schlayer,  Hedinger,  and  Takayasu*  have  investigated  in  rabbits 
the  functional  relations  of  the  kidneys  to  stimuli  of  various  kinds, 
and  have  compared  the  reactions  obtained  in  normal  animals  with 
those  in  animals  whose  kidneys  had  been  damaged  by  doses  cf 
various  toxic  substances.  Histological  examinations  of  the  kidneys 
have  been  made,  and  in  particular  the  glomeruli  have  been  studied 
by  Takayasu,^  since  it  had  early  been  thought  that  there  was  a  close 
relation  between  glomerular  lesions,  albuminuria,  and  oedema. 
Takayasu  failed  to  find  any  very  marked  glomerular  lesions  in  that 

1  This'lesion  of  experimental  nephritis  was  demonstrated  at  the  meeting  of  the  Association 
of  American  Physicians  held  in  Washington  May  12  and  13,  1908. 

2  For  a  ^e^•iew  of  recent  literature  on  this  subject,  see  Christian,  Experimental  Nephritis. 
Boston  Medical  and  Surgical  Journal,  1908,  ch-iii,  416  and  452. 

3  Richter.  Die  experiment.  Erzeugung  von  Hydrops  bei  Nephritis.  Beitrage  zur  klin. 
Med.,  Festschrift  Herrn  Prof.  Senator,  Berlin,  1904,  p.  283. 

*  Schlayer  and  Hedinger.  Experiment.  Studien  uber  toxische  Nephritis.  Deut.  Archiv 
f.  klin.  Med.,  1907,  xc.  1.  Schlayer,  Hedinger,  and  Takayasu,  Ueber  nephritische  CEdem., 
Deut.  Archiv  f.  klin.  Med..  1907,  xci,  59. 

*  Takayasu.  Ueber  die  Beziehungen  zwischen  anatomisch.  Glomerulusveranderungen  und 
Nierenfunktionen  bei  e.xperiment.  Nephritiden.  Deut.  Archiv  f.  klin.  Med.,  1907,  xcii,  127. 
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group  of  nephritides  which  Schlayer  and  Hedinger  had  termed 
tubular  nephritis,  and  which  they  had  produced  by  potassium 
bichromate,  mercuric  chloride,  and  uranium  nitrate.  Though 
lesions  were  found  in  the  glomeruli,  these  were  not  of  marked  degree, 
and  were  inconstant  in  their  relations  to  the  degree  of  injury,  as 
shown  by  the  urinary  excretion  and  the  functional  reactions  of  the 
kidney.     In   contrast  to   these,   rather  more  marked   lesions  were 


Fig.  1.— Rabbit 


(1000  diameters).     Phosphotungstic  acid  hematoxylin.     Glomerulus 
with  hyaline  droplets. 


found  in  the  group  of  vascular  nephritides,  those  produced  by  can- 
tharidin,  arsenic,  and  diphtheria  toxin.  In  the  latter  group,  Taka- 
yasu  made  out  an  increase  in  the  thickness  of  the  capillary  wall  and 
in  the  size  of  the  nuclei  of  the  glomerulus,  which  gave  the  appearance 
of  a  swollen,  cellular,  glomerular  tuft.  Associated  with  these 
changes  were  other  minor  lesions. 

In  connection  with  the  study  of  some  experimental  renal  lesions 
during  the  past  winter,  I  have  observed  the  following  glomerular 
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lesion,  which  seems  worthy  of  description,  since  it  appears  to  have 
been  overlooked  by  Takayasu  and  other  investigators  of  the  lesions 
of  experimental  nephritis.  The  lesion  consists  of  the  appearance 
in  the  glomerular  tuft  of  small,  round  or  oval,  rarely  irregular, 
homogeneous  droplets,  varying  from  a  half  to  four  microns  in 
diameter  (Figs.  1  and  2).     These  droplets  appear  in  the  wall  of  the 


Fig. 


-Rabbit  7  (1000  diameters).     Phosphotungstic  acid  hematoxylin.     Glomerulus 
with  hyaline  droplets. 


capillaries  making  up  the  glomerular  tuft,  and  do  not  occur  either, 
in  the  lumen  of  the  capillaries  or  in  the  space  between  the  glomerular 
tuft  and  the  capsule  of  the  glomerulus  (Fig.  3),  except  in  rare 
instances,  when  their  position  might  be  explained  as  an  artefact  in 
preparation.  They  were  not  found  in  the  epithelium  lining  Bow- 
man's capsule.  In  some  glomeruli  only  a  few  scattered  droplets 
occur,  while  in  others  they  are  very  numerous.     ^  ery  often  in  a 
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glomerulus  they  tend  to  occur  in  groups  of  three  to  six  or  eight,  and 
where  the  larger  groups  are  found,  almost  always  some  of  the  drop- 
lets are  considerably  coarser  than  others  of  the  same  group.  In 
some  rabbits  almost  every  glomerulus  contains  many  droplets  of 
fairly  large  size;  in  others,  the  droplets  are  uniformly  smaller.  In 
some  rabbits,  some  glomeruli  contain  numerous  droplets,  while  adja- 
cenr  glomeruli  are  free  from  them.     This  focal  distribution  seemed 


^(^^ 


Fig.  3. — Rabbit  3  (375  diameters).  Phosphotungstic  acid  hematoxylin.  Glomerulus 
showing  hyaline  droplets.  Connection  of  glomerulus  with  tubule  shown.  No  droplets  in 
glomerular  space  or  in  tubule. 

to  have  no  relation  to  the  other  lesions  of  the  kidney,  and  no 
cause  for  it  was  to  be  made  out.  In  kidneys  showing  slight 
degrees  of  the  lesions,  only  here  and  there  a  glomerulus  showed  a 
few  fine  droplets.  In  a  series  of  twenty-six  successive  rabbits 
studied  in  this  connection,  these  droplets  were  found  in  the  glomeruli 
of  thirteen  animals.  Thirteen  of  this  group  of  animals  had  received 
doses  of  uranium  nitrate,  and  of  these  thirteen,  eleven  showed  the 
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lesion  in  a  varvinw  deffree.  The  other  two  rabbits  which  showed  the 
glomerular  lesion  were  animals  which  had  received  doses  of  potas- 
sium bichromate.  There  were  four  such  animals,  and  two  of  these 
showed  the  lesion  slightly  marked.  The  animals  failing  to  show  the 
lesion  had  been  treated  as  follows:  one  rabbit  had  received  both 
potassium  bichromate  and  mercuric  chloride,  three  had  received 
trypan  red,  two  cantharidin,  and  two  arsenic.  All  of  these  sub- 
stances were  given  subcutaneously.  One  animal  had  been  killed 
without  having  received  any  toxic  dose,  because  it  showed  a  slight 
spontaneous  albuminuria.  In  most  cases  the  animals  were  killed 
rather  than  allowed  to  die  spontaneously.  That  they  had  received 
sufficient  poison  to  produce  a  renal  lesion  was  shown  by  the  occur- 
rence in  all  of  the  animals  of  albuminuria  and  cylindruria  of  varying 
degree.  The  glomerular  droplets  were  most  numerous  in  rabbits 
3  and  7.  Rabbit  3  had  received  4  milligrams  of  uranium  nitrate  on 
July  2,  similar  doses  on  July  3  and  4,  and  was  killed  on  July  5. 
Rabbit  7  received  5  milligrams  of  uranium  nitrate  on  July  11,  and 
was  killed  on  July  16.  The  two  rabbits  which  received  uranium 
nitrate  and  failed  to  show  the  lesion  were  rabbit  5  and  rabbit  11. 
Rabbit  5  received  5  milligrams  of  uranium  nitrate,  and  was  killed 
the  next  day.  Rabbit  11  received  1  milligram  of  uranium  nitrate, 
and  was  killed  seven  days  later. 

The  droplets  which  are  here  described  stain  intensely  blue  black 
with  Mallory's  phosphotungstic  acid  hematoxylin  stain,  and  resist 
decolorization  with  ferric  chloride  for  a  long  time.  With  eosin  and 
methylene  blue  they  stain  pale  red.  The  exact  nature  of  the  droplets 
is  not  known.  Usiuilly  they  can  be  distinguished  quite  easily  from  the 
somewhat  more  irregular  granules  associated  with  fibrin  threads  in 
the  glomeruli.  These  fibrin  lesions  occur  in  some  forms  of  experi- 
mental nephritis,  and  are  found  both  within  the  lumen  of  the 
capillaries  and  in  the  capsular  space,  as  well  as  sometimes  in  the 
wall  of  the  tuft.  The  droplets  described  in  this  paper  appear  to  be 
homogeneous  and  resemble  in  this  respect  the  hyaline  droplets 
which  have  been  described  in  the  tubular  epithelium  in  various 
forms  of  nephritis  in  man.  It  is  interesting  in  this  connection  that 
of  all  these  twenty-six  rabbits,  a  considerable  part  showed  droplets  of 
similar  staining  reaction  in  the  tubular  epithelium  (Fig.  4),     These 
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droplets,  however,  were  almost  always  smaller  than  the  larger  ones 
of  the  droplets  encountered  in  the  glomerular  tufts,  and  they  occurred 
both  in  the  animals  which  showed  the  droplets  in  the  glomeruli  and 
in  those  which  did  not.  In  other  words,  there  is  no  apparent  relation 
between  the  occurrence  of  the  droplets  in  the  glomeruli  and  the 
droplets  in  the  tubular  epithelium.  Those  in  the  glomeruli  are  a 
very  constant  occurrence  in  the  animals  which  had  received  doses 
of  uranium  nitrate,  while  those  in  the  tubular  epithelium  occur  with 
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Fig.  4. — Rabbit  3  (375  diameters).     Phosphotungstic  acid  hematoxylin.     Tubules  with 

hyaline  droplets. 

about  equal  frequency  in  the  uranium  nitrate  rabbits  and  in  the  other 
animals. 

There  is  no  histological  evidence  to  suggest  that  these  droplets 
pass  from  the  wall  of  the  capillary  into  the  glomerular  space,  and  so 
into  the  current  of  the  excreted  urine.  They  were  at  no  time  seen  in 
the  capsular  space  or  in  the  first  part  of  the  convoluted  tubule. 
Consequently,  there  is  nothing  to  suggest  that  they  play  any  part  in 
the  formation  of  casts.  It  is  of  course  possible  that  at  some  stage 
such  a  passage  of  the  droplets  into  the  current  of  the  urine  might 
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take  place,  but  this  stage  was  not  observed.  The  occurrence  of  such 
droplets  must  indicate  that  considerable  injury  to  the  wall  of  the 
glomerular  capillary  has  been  produced  by  the  toxic  substance 
employed.  Others,  studying  the  uranium  nitrate  kidneys,  have  de- 
scribed degeneration  and  necrosis  of  the  tubular  epithelium,  which 
we  have  also  found  present  very  constantly,  but  apparently  they 
have  overlooked  the  glomerular  lesion  described  above. 

The  very  frequent  occurrence  of  these  hyaline  droplets  in  the 
glomeruli  of  animals  receiving  uranium  nitrate  and  their  absence 
in  the  other  animals,  suggests  a  direct  causal  relation  between  the 
lesion  and  the  drug.  A  much  larger  series  of  animals  will  be  neces- 
sary, however,  to  determine  whether  these  glomerular  droplets  are 
in  any  way  characteristic  for  uranium  nitrate.  It  is  quite  possible 
that  other  substances  will  produce  the  same  change,  and  it  may  be 
that  those  substances  which  failed  to  produce  this  lesion  in  this 
series  of  rabbits  would  produce  the  same  effect  when  used  in  other 
dosage  than  the  one  employed.  This  and  other  points  will  be  the 
subject  of  further  experiment. 


A  CLASSIFICATION  OF  ACIDOSES. 
By  JAMES  EWIXG,  M.D. 


The  term  "acidosis"  is  applied  to  a  group  of  conditions  of  which 
diabetic  coma  is  the  chief  chnical  representative,  and  in  which  there 
is  an  abnormal  formation  of  acid  products  of  metabolism,  abstrac- 
tion of  alkalies  from  the  blood  and  tissues,  and,  according  to  the 
prevailing  theory,  symptoms  of  intoxication  when  the  abstraction 
of  alkali  passes  a  certain  limit. 

The  particular  acid  concerned  varies,  but  chief  attention  has 
always  been  directed  to  /?-oxybutyric  since  its  discovery  in  diabetic 
urine.  Magnus-Le%'y  has  insisted  that  true  acid  intoxication  exists 
only  in  diabetic  coma,  all  other  conditions  showing  mild  grades  of 
acid  increase,  which  Xaunyn  called  "acidosis."  Yet  many  observers 
believe  acid  intoxication  occurs  in  other  conditions  besides  diabetes, 
as  in  starvation,  cyclic  vomiting  in  children,  poisoning  by  phosphorus, 
the  toxemia  of  pregnancy,  delayed  chloroform  poisoning,  etc.  At 
any  rate,  some  of  the  urinary  signs  of  acidosis,  as  high  ammonia 
and  acetone  compounds,  are  very  commonly  present  in  these  other 
conditions,  so  that  they  must  be  regarded,  at  least,  as  forms  of 
acidosis. 

Except  in  diabetes  and  starvation,  numerous  studies  have  shown 
that  lactic  acid  and  sometimes  inorganic  acids,  as  phosphoric  and 
sulphuric,  are  increased  in  amount  and  are  probably  more  concerned 
in  the  acidosis  than  is  ,3-oxybutyric  acid.  Kraus  mentions  this 
difference  between  the  acidosis  of  diabetes  and  that  of  some  other  dis- 
eases, but  I  am  not  aware  that  any  attempt  has  been  made  to  system- 
atically classify  the  different  clinical  conditions  marked  by  acidosis 
according  to  this  very  obvious  plan. 

In  a  studv  of  the  diseases  associated  with  acidosis  I  have  been 
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much  impressed  by  the  striking  (Hft'erence  in  their  pathological 
anatomv.  In  a  group  including  diabetic  coma  and  starvation  there 
is  surprisingly  little  alteration  in  the  structure  of  the  liver,  although 
the  diabetic  kidney  shows  usually  acute  nephritis.  The  liver  in  both 
these  conditions,  however,  is,  as  a  rule,  free  from  fatty  degeneration. 
In  11  cases  of  diabetic  coma  which  I  have  recently  collected  fatty 
liver  occurred  but  once,  and  in  an  alcoholic  subject.  In  Naunyn's 
series  of  30  autopsies  fatty  liver  occurred  but  once,  that  in  a  diabetic 
dog.  ]\Iinkowski  has  collected  many  reports  which  indicate  that 
fatty  liver  is  rare  in  diabetes.  Therefore,  I  conclude  that  fatty  liver 
is  not  essential  in  diabetic  coma  in  man,  and  when  it  occurs  may 
usually  be  referred  to  complications. 

In  starvation  the  organs  undergo  a  process  of  simple  atrophy  in 
which  fatty  changes  are  not  prominent  (Morpurgo).  In  the  earlier 
stages  of  himger  in  dogs  there  may  be  a  fine  deposit  of  fat  in  many 
gland  cells,  but  these  disappear  in  the  late  stages  (Nicolaides). 
Extreme  grades  of  fatty  degeneration  are  apparently  unknown  in 
simple  starvation. 

On  the  other  hand,  in  all  the  other  diseases  mentioned,  degeneration 
of  the  liver,  usually  fatty,  occurs  in  extreme  degrees.  In  eclampsia, 
however,  fatty  degeneration  is  not  usual,  but  extensive  autolytic 
changes  occur,  and  there  is  reason  to  believe  that  they  are  more 
constant  and  significant  than  is  the  hemorrhagic  hepatitis.  It 
thus  appears  that  in  the  diseases  in  which  the  acetone  compounds 
are  prominent  there  are  no  organic  lesions,  while  in  those  in  which 
lactic  acid  is  present  fatty  degeneration  of  the  liver  is  pronounced. 
Although  little  attention  has  been  paid  to  the  pathological  anatomy 
of  acidosis,  I  think  it  will  prove  to  be  an  error  to  associate  together 
as  forms  of  acidosis  diseases  showing  such  diverse  anatomical  condi- 
tions, and  the  above  difference  in  the  pathological  chemistry  of  these 
diseases  suppports  this  conclusion. 

There  are  two  experimental  prototypes  of  acidosis:  (1)  Walter's 
acid  poisoning,  and  (2)  Minkowski's  extirpation  of  the  liver. 

In  the  former  there  is  a  pure  case  of  abstraction  of  alkalies  from 
the  blood  and  tissues,  but  no  notable  lesions  of  the  viscera  have  been 
recorded,  and  I  have  recently  verified  this  statement  in  acid-poisoned 
rabbits.     In  a  case  of  hydrochloric  acid  poisoning  in  an  adult  which 
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I  observed  some  years  ago  fatty  changes  were  not  noticed.  The 
acidosis  of  diabetes  and  starvation,  therefore,  accord  with  this  first 
experimental  type. 

In  the  second  type,  after  extirpation  of  the  Hver,  or  the  Eck 
fistula,  or  injections  of  acid  into  the  bile  ducts  (Pick),  the  liver  is 
eliminated  or  extensivelv  necrotic,  and  its  functions  are  largelv  in- 
hibited  or  abolished.  The  urine  in  these  cases  shows  high  ammonia, 
excess,  sometimes  enormous,  of  lactic  acid,  and  usually  little  or  no 
,3-oxybutyric  acid. 

So  far  as  present  observations  go,  the  anatomical  condition  of  the 
liver  and  the  chemistry  of  rhe  urine  in  phosphorus  poisoning,  acute 
yellow  atrophy,  delayed  chloroform  poisoning,  etc.,  accord  with 
the  second  experimental  type  of  acidosis,  although  in  these  diseases 
acetone  compounds  may  be  present  in  moderate  amounts. 

There  is,  therefore,  a  certain  clinical,  anatomical,  and  chemical 
antagonism  between  these  two  forms  of  acidosis,  and  these  distinctions 
reappear  plainly  in  the  two  main  experimental  procedures  which 
lead  to  acidosis.  On  this  basis  one  may  provisionally  establish  two 
types  of  spontaneously  occurring  acidosis,  as  follows: 

Type    I. — HCl    Poisoning. 

Pathological  Anatomy  Xo  prominent  lesions. 

Pathological  Chemistry.  Acetone  compounds  chieflj'  present. 

Ammonia,  proportional  to  these  acids. 

Amido-acid  nitrogen,  slightly  increased. 
Clinical  Forms.  Diabetes. 

Kussmaul's  Coma. 

Starvation. 

Ttpe  II. — Extirpation  of  Liver.     Eck  Fistula. 

Pathological  Anatomy.  Extensive  fatty  degeneration. 

Pathological  Chemistry.  Lactic  acid  abundant. 

Glucose  often  present. 

Acetone  compounds  secondarj-,  inconstant. 

Ammonia  in  excess  of  fatty  acids. 

Amido-acid  nitrogen  much  increased. 
Clinical  Forms.  Phosphorus  Poisoning. 

Pernicious  vomiting. 

Acute  j-ellow  atrophy. 

Eclampsia. 

Delayed  chloroform  poisoning. 

Cyclic  vomiting. 

Some  other  features  of  these  diseases  are  of  importance  as  bearing 
on  the  validity  of  the  classification. 

Am  Phys  3 
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In  the  second  group  the  severity  of  the  condition  as  estimated 
clinically  is  much  greater  than  in  the  first.  In  diabetes  and  starva- 
tion the  metabolism  of  fats  is  defective  owing  to  lack  of  carbohy- 
drate combustion,  while  the  structure  of  the  organs  does  not  suffer, 
but  in  phosphorus  or  chloroform  poisoning  and  in  acute  yellow 
atrophy  and  eclampsia  the  liver  and  other  organs  are  severely 
damaged  and  their  functions  are  greatly  disturbed.  In  the  first 
group  there  may  be  extreme  acidosis  without  intoxication;  in  the 
other  the  excess  of  acetone  compounds  is  slight,  a  more  definite 
toxic  element  is  present  from  the  first,  and  the  metabolic  disorder 
becomes  complex.  By  toxic  element  I  mean  to  refer  to  the  clinical 
severitv  of  the  condition,  and  to  the  urinary  signs  of  marked  quanti- 
tative or  of  cjualitative  changes  in  chemical  processes  concerned  in 
metabolism. 

The  relation  of  lactic  acid  to  fatty  degeneration  has  been  pointed 
out  by  several  observers.  Lactic  acid  is  produced  chiefly  in  the 
muscles,  while  the  integrity  of  the  hepatic  functions  seems  to  be  essen- 
tial for  its  proper  combustion.  Many  observations  of  Hoppe-Seyler, 
Araki,  and  others  show  that  lactic  acid  appears  in  the  urine  when 
the  general  supply  of  oxygen  is  defective,  but,  as  ^linkowski  pointed 
out,  the  lack  of  oxygen  may  act  through  disturbance  of  hepatic 
functions.  Rosenfeld  finds  that  there  is  a  physiological  antagonism 
between  glycogen  and  fat  deposit  in  the  liver.  AMien  the  liver  has 
abundance  of  glycogen  at  command  visible  fat  is  not  present,  but 
when  glycogen  is  lacking  it  must  have  fat  for  the  supply  of  heat,  and 
drawing  it  from  the  fat  depots,  visible  fat  appears  in  the  liver  ceils. 
The  same  result  seems  to  be  associated  with  the  non-combustion  of 
lactic  acid.  Mandel  and  Lusk  point  out  that  a  reversible  series  of 
transformations  exists:  glycogen,  glucose,  lactic  acid,  glucose,  glyco- 
gen. Both  glucose  and  lactic  acid  often  appear  in  the  urine  in  dis- 
eases of  the  second  group,  indicating  faulty  metabolism  in  this  whole 
carbohydrate  series,  and,  applying  Rosenfeld's  conclusion  regarding 
glycogen,  a  factor  in  the  fatty  degeneration.  According  to  this  view 
the  "sugar  hungry"  cell  of  Lusk  is  unable  to  completely  bum  either 
sugar  or  lactic  acid,  and  hence  attracts  fat  from  the  fat  depots.  I 
believe,  however,  that  there  is  strong  reason  to  suppose  that  much 
of  the  fat  in  these  conditions  comes  from  the  cell  holding  it  and  not 
from  the  fat  depots. 
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The  pathogenesis  of  symptoms  in  the  two  types  of  acidosis  differs 
distinctly.  In  diabetes  and  in  starvation  in  man  there  is  incomplete, 
excessive,  and  perhaps  abnormal  burning  of  fats  with  production 
of  ^-oxybutyric  acid,  abstraction  of  alkalies,  and  diversion  of 
ammonia  from  urea  synthesis.  The  diversion  of  ammonia  is  a 
compensatory  process,  and  does  not  indicate  that  there  is  any  lack 
of  capacity  in  the  organism  to  form  urea.  Hence  we  may  find  40 
gr.  of  ox^'butyric  acid  and  corresponding  excess  of  ammonia  in  dia- 
betes and  as  much  as  9  gr.  of  oxybutyric  acid  and  high  ammonia  in 
carbohydrate  abstinence,  without  subjective  symptoms  (Gerhardt, 
Schlesinger). 

In  the  second  group  the  origin  of  symptoms  and  the  disorder  of 
metabolism  is  more  complex.  In  the  experimental  prototype  it  is 
the  loss  of  hepatic  functions  which  is  the  chief  factor.  In  geese, 
extirpation  of  the  liver  is  followed  by  a.  rise  in  the  ammonia  ratio  to 
50  to  60  per  cent.,  and  lactic  acid,  normally  absent,  forms  one-half 
of  the  solid  residue  of  the  urine.  The  animals  die  with  pronounced 
symptoms  of  intoxication,  vomiting,  somnolence,  coma,  and  con- 
vulsions. In  dogs  with  Eck  fistula  the  ammonia  N  ratio  rises  to 
20  per  cent.,  increasing  rapidly  as  toxic  symptoms  develop.  Lactic 
acid  appears  in  the  urine,  wdiich,  however,  remains  alkaline.  The 
liver  undergoes  fatty  degeneration  and  atrophy.  In  some  animals 
which  survive  the  Eck  fistula,  feeding  meat  induces  attacks  marked 
by  somnolence,  weakness,  ataxia,  cerebral  excitation,  convulsions, 
and  coma.  Nencki  and  Hahn  attribute  the  symptoms  following  the 
Eck  fistula  to  poisoning  by  ammonium  salts.  According  to  Salaskin 
and  Zaleski,  there  is  a  striking  difference  in  the  results  of  extirpa- 
tion of  the  liver  and  those  following  the  Eck  fistula  or  injection  of 
acids  into  the  bile  ducts.  With  the  Eck  fistula,  the  synthesis  of 
ammonia  into  the  urea  is  defective,  there  is  much  ammonium  car- 
bamate in  the  blood,  the  CO2  of  the  blood  is  not  reduced,  and  the 
urine  is  alkaline.  After  extirpation  of  the  liver  more  complicated 
processes  arise,  the  synthesis  of  urea  is  defective,  lactic  and  other 
acids  appear  in  excess,  with  increased  ammonia,  the  COj  content 
of  the  blood  is  reduced,  and  the  urine  is  acid.  According  to  this 
view  the  former  condition  is  not  an  acidosis  at  all,  but  rather  the 
opposite,  while  the  latter  condition  is  a  submerged  form  of  acidosis 
with  ammonia  excess  largely  <lue  to  failure  of  urea  synthesis. 
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In  the  diseases  of  the  second  group  it  is  difficult  to  trace  the  factors 
observed  in  these  experimental  procedures,  and  this  task  must  be 
left  to  future  investigations.  One  fact  of  importance,  however, 
seems  to  be  obvious,  viz.,  that  the  urinary  ammonia  in  diseases  of 
the  second  group  may  have  entirely  different  significance  from  that 
of  the  first  group,  its  excess  in  the  first  instance,  as  in  phosphorus 
poisoning,  signifying  partly  a  primary  disturbance  of  urea  formation, 
wliile  in  the  second  case,  as  in  diabetes,  its  excess  results  purely  from 
a  compensatory  process.  No  single  factor  can  probably  account 
for  the  urinary  ammonia  in  such  diseases  as  toxemia  of  pregnancy, 
cyclic  vomiting  of  children,  or  delayed  chloroform  poisoning,  since  the 
factors  influencing  it  are  complex.  At  least,  it  may  be  said  that 
in  these  conditions  the  ammonia  does  not  merely  represent  a  com- 
pensatory process. 

The  relation  of  ammonia  to  lactic  acid  is  one  of  the  uncertain 
questions  in  this  field.  After  extirpation  of  the  liver  in  geese, 
Enofelmann  showed  that  the  excess  of  ammonia  was  not  caused  bv 
its  diversion  to  neutralize  lactic  acid,  since  by  giving  alkali  he  was 
able  to  reduce  the  ammonia  without  increasing  the  uric  acid.  It 
seems  possible,  however,  to  interpret  this  result  in  the  opposite 
direction.  In  phosphorus  poisoning  the  ammonia  seems  to  be 
somewhat  dependent  on  the  presence  of  lactic  acid.  Ray,  Mc- 
Dermott,  and  Lusk,  by  administering  phloridzin  to  phosphorus- 
poisoned  dogs,  caused  both  the  ammonia  excess  and  the  lactic  acid 
to  disappear  simultaneously.  In  any  case,  whether  the  ammonia 
results  from  failure  of  urea  S}Tithesis  or  from  the  attempt  to  neutralize 
lactic  acid,  the  presence  of  these  substances  must  signify  defective 
action  of  the  liver,  in  the  first  instance  from  the  lack  of  urea  forma- 
tion, in  the  second  from  the  failure  to  burn  lactic  acid,  both  of  w^hich 
the  normal  liver  accomplishes.  As  a  compensatory  mechanism,  not 
much  advantage  can  be  gained  by  the  neutralization  of  lactic  acid 
with  ammonia,  as  ammonium  lactate  is  highly  toxic. 

The  Russian  school  attributes  the  intoxication  following  extir- 
pation of  the  liver  or  the  Eck  fistula  to  poisoning  by  ammonia 
salts.  ^Minkowski  did  not  apparently  commit  himself  on  this  point, 
but  Lieblein  and  Biedl  and  Winterberg  concluded  that  ammonia 
salts  w^ere  not  directly  concerned  in  the  symptoms,  since  the  excess 
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of  ammonia  does  not  appear  until  the  last  stages  of  intoxication. 
Nevertheless,  jNIinkowski  found  four  times  as  much  ammonia  in  the 
brains  of  dogs  with  the  Eck  fistula  as  in  normal  animals,  and  as  much 
in  the  general  circulation  as  normally  occurs  in  the  portal  blood. 
The  whole  course  of  the  intoxication  may  be  too  short  for  the  demon- 
stration of  much  ammonia  in  the  urine,  and  there  can  be  no  doubt 
of  the  extreme  toxicity  of  ammonium  salts  of  organic  acids.  Any- 
one who  compares  the  toxicity  of  ammonium  salts  with  that  of  the 
acetone  compounds  cannot  fail  to  be  impressed  with  the  comparative 
harmlessness  of  acetone  compounds  and  the  violent  nervous,  car- 
diac, and  respiratory  symptoms  following  injections  of  ammonium 
salts.  ^Mendel  has  recently  urged  the  possible  importance  of  the 
toxicity  of  ammonium  salts  in  acidosis,  and  it  is  my  belief  that  there 
is  much  clinical,  pathological,  and  chemical  evidence  to  support 
this  view,  for  certain  diseases  often  regarded  as  forms  of  acid  intoxi- 
cation are  included  in  the  second  group  of  the  present  classification. 

In  eclampsia  we  often  obtain  by  catheter  urine  which  is  highly 
alkaline,  and  which  we  ordinarily  discard  because  of  supposed 
decomposition.  Although  it  has  been  stated  that  eclampsia  is  not 
accompanied  by  excess  of  urinary  ammonia.  Wolf  and  I  have  found 
that  if  the  urine  is  examined  from  six-hour  intervals  during  the  con- 
vulsive period  the  ammonia  N  ratio  in  acid  urine  free  from  acetone 
compounds  may  reach  20  per  cent.,  rapidly  declining  with  the 
relief  of  convulsions,  while  in  alkaline  urines  this  ratio  must  be 
much  higher.  This  and  other  features  of  eclampsia  considerably 
resemble  the  condition  in  dogs  with  the  Eck  fistula.  This  is  one  of 
the  points  of  view  which  suggests  a  close  relation  between  all  the 
clinical  types  of  the  toxemia  of  pregnancy.  Our  present  knowledge 
does  not  permit  one  to  trace  the  relation  of  urinary  ammonia,  lactic 
acid,  and  other  features  of  the  experimental  prototype  in  the  other 
diseases  of  our  second  group,  but  one  of  the  chief  reasons  for  sug- 
gesting this  classification  is  to  urge  that  these  diseases  should  all  be 
studied  from  this  standpoint. 

It  remains  to  mention  that  acetone  compounds  may  be  present  in 
the  urine  in  any  of  the  diseases  of  the  second  group,  sometimes 
in  considerable  quantities,  and  with  corresponding  increase  of 
ammonia.     Combined  forms  of  acidosis,  therefore,  exist,  and  it  is 
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possible  that  the  sudden  burning  of  body  fats,  especially  in  children, 
mav  become  a  prominent  feature  in  these  diseases.  Yet  the  acetone 
compountls  signify  merely  the  burning  of  body  fats  in  the  absence  of 
carbohydrates;  their  presence  in  moderate  amounts  does  not  signify 
any  toxic  process,  and  they  are  very  often  absent  in  diseases  of  the 
second  group.  When  present  in  these  diseases,  they  should  be 
interpreted  as  signs  of  imperfect  nutrition,  and  not  as  indicating  the 
essential  nature  of  the  disease,  or  as  warranting  the  diagnosis  of  acid 
intoxication. 

When  excess  of  urinary  ammonia  is  associated  with  enough  acetone 
compounds  to  account  for  the  ammonia  as  a  compensatory  agent, 
no  very  unfavorable  significance  need  be  attached  to  the  condition, 
but  when  acetone  compounds  are  scanty  or  absent,  excess  of  urinary 
ammonia  would  seem  to  have  a  much  more  serious  prognosis,  since 
it  would  then  indicate  disturbance  of  hepatic  and  other  functions, 
such  as  follows  the  Eck  fistula  or  extirpation  of  the  liver. 

References. 

Araki.     Zeit.  f.  physiol.  Chem.,  1891,  xv,  335;  1892,  xvi,  453;  x\-ii,  311. 

Biedl,  Winterberg.     Arch.  f.  d.  ges.  Physiol.,  1901,  Ixxxviii,  140. 

Engelmann,  cited  by  Minkowsky.     Erg.  d.  allg.  Path.,  1897,  ii,  731. 

Ew-ing,  Wolf.     Amer.  Jour.  Obstet.,  1907,  Iv,  289. 

Gerhardt.  Schlesinger.     Arch.  f.  exper.  Path.  u.  Pharm.,  1899,  xlii,  83. 

Hoppe-Seyler.     Festschrift  f.  Virchow. 

Kraus,  Honigmann.     Erg.  d.  path.  Anat.,  1895,  i  Jahrg.,  ii  Abt.  573. 

Lieblein.     Arch.  f.  exper.  Path.  u.  Pharm.,  1894,  xxxiii,  318. 

Magnus-Le^-y-     Arch.  f.  exper.  Path.  u.  Pharm.,  1901,  xlv,  389. 

Mandel,  Lusk.     Jour.  Amer.  Med.  Assoc,  1906,  xlvii,  1804. 

Mendel.     Trans.  Assoc.  Amer.  Phys.,  1907,  xxii,  265. 

Minkowski.     Arch.  f.  exper.  Path.  u.  Pharm.,  1886,  xxi,  41. 

Morpurgo.     Arch.  Ital.  de  Biol.,  1899,  xii,  333. 

Naunyn.     Der  Diabetes  Mellitus,  2  And.,  1906,  Wien.  A.  Holder. 

Nencki,  Pawlow.     Arch.  f.  exper.  Path.  u.  Pharm.,  1893,  xxxii,  161. 

Nicolaides.     Arch.   f.   Physiol.,   1899,   518. 

E.  Pick.-    .A.rch.  f.  exper.  Path.  u.  Pharm.,  1893,  xxxii,  382. 

Ray,  .McDermott,  Lusk.     Amer.  Jour.  Phys.,  1899,  iii,  139. 

Ro.senfeld.     Erg.  d.  Phy.siol.,  ii  Jahrg.,  1903,  i,  50. 

Salaskin,  Zaleski.     Zeit.  f.  physiol.  Chem.,  1902,  x.xxv,  246;  1900,  xxix,  517. 

Walter.     .\rch.  f.  exper.  Path.  u.  Pharm.,  1877,  vii,  148. 


A   CLASSIFICATION    OF   ACIDOSES  39 


DISCUSSION. 

Dr.  L.  F.  Barker:  I  should  like  to  ask  Dr.  Ewing  if  he  has  observed  any 
cases  in  which  there  was  high  organic  acidity  of  the  urine  with  alkali  with- 
drawal, but  without  the  presence  of  acetone  bodies  or  lactic  acid.  I  repotted 
(with  Dr.  Voegtlin)  last  year  before  this  Association  an  interesting  case  with 
peculiar  toxic  symptoms  of  long  duration  in  which  such  a  condition  existed. 
Prof.  Friedrich  Miiller  has  observed  a  similar  case.  Dr.  Ewing  has  done  great 
service,  I  think,  in  contrasting  the  two  types  that  he  has  brought  before  us. 
They  are  evidently  very  different  things,  and  it  is  conceivable,  I  think,  that 
further  analysis  may  lead  to  a  still  greater  differentiation  among  the  acidoses. 
When  we  take  into  consideration  the  large  number  of  organic  acids  in  the 
body,  not  only  these  derived  from  fatty  and  carbohydrate  metabolism,  but 
especially  those  from  protein  metabolism,  it  would  seem  possible  that  there 
may  be  a  whole  series  of  different  forms  of  acid  poisoning. 

I  am  glad  Dr.  Ewing  emphasized  the  toxic  eflfect  of  the  ammonium  salts. 
Dr.  King,  of  Baltimore,  is  now  experimenting  with  the  toxic  effects  of  these 
salts  and  also  upon  a  mode  of  counteracting  their  effects. 

Dr.  J.  P.  Crozer  Griffith:  I  was  very  much  interested  in  what  Dr.  Ewing 
said  in  regard  to  the  signification  of  the  acetone  in  the  recurrent  vomiting  of 
children.  A  few  years  ago  I  had  occasion  to  report  before  this  body  two  fatal 
cases  of  recurrent  vomiting  in  children,  in  both  of  which  acetone  was  found. 
As  you  know,  French  observers  have  in  recent  years  been  reporting  what  they 
describe  as  acetonemic  vomiting.  The  title  is  misleading.  Acetone  is  present, 
it  is  true,  in  these  cases,  but  I  have  never  believed  that  acetone  was  the  catise, 
and  this  is  the  view  generally  held.  I  am  very  glad,  indeed,  to  hear  Dr.  Ewing's 
remarks  on  that  point. 

Dr.  David  L.  Edsall:  It  seems  to  me  there  is  absolutely  no  cjuestion  that 
Dr.  Ewing  is  right  in  pointing  out  that  there  are  at  least  two  gross  types  of 
acidosis,  and  I  think  everyone  agrees  with  that  view  at  the  present  time. 
However,  it  seems  to  me  that  it  is  hardly  possible  to  attempt  as  yet  to  indicate 
that  one  of  these  types  is  associated  directly  with  lactic  acid,  or  with  any  other 
particular  acid,  as  at  all  causative  of  the  symptoms.  In  the  types  of  the 
different  forms  of  acidosis  like  the  recurrent  vomiting  of  children,  and  various 
conditions  of  that  sort,  it  has  appeared  to  me  that  as  far  as  our  knowledge  has 
gone  as  yet  we  cannot  say  much  more  definitely  about  these  things  than  that 
they  are  an  acid  intoxication,  and  that  these  various  intoxications  are  associated 
with  and  are  a  part  of  a  general  disturbance.  The  acid  intoxication  is,  to  my 
mind,  merely  a  minor  manifestation  of  the  condition,  that  may  sometimes  be- 
come a  severe  symptom  of  much  importance,  but,  as  a  rule,  is  only  a  minor  part 
of  the  whole  picture.  That  is  true,  undoubtedly,  in  the  recurrent  vomiting  of 
children.     I  have  seen  various  cases  in  which  there  was  an  acid  intoxication, 
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the  correction  of  which  by  alkalies  had  no  influence  at  all,  and  other  cases  in 
which  there  was  'a  severe  intoxication,  in  which  the  correction  of  the  acid  in- 
toxication by  alkalies  entirely  overcame  the  symptoms.  But  it  is  undoubtedly 
merely  a  sjTuptom  which  at  times  may  become  very  important. 

The  ammonia  question  is  also  one  that  is  in  decided  doubt.  The  whole 
matter,  it  seems  to  me,  is  in  a  very  complex  antl  obscure  condition,  and  studies 
of  the  kind  that  Dr.  Ewing  has  pointed  out  are  of  the  greatest  importance. 

Dr.  S.  Solis  Cohen:  I  should  like  to  ask  a  question.  I  am  perhaps  in 
greater  ignorance  than  most  on  these  questions.  I  should  like  to  ask  Dr. 
Ewing  what  exact  physiological  basis  there  is  for  estimating  the  amount  or  degree 
of  acid  or  alkaline  intoxication — for  I  can  conceive  that  there  may  be  either — 
by  the  urinary  findings  alone?  It  certainly  is  not  the  alkali  or  acid  excreted 
that  is  continuing  to  harm,  nor  the  acid  or  alkali  neutralized  that  does  harm 
while  in  the  circulation.  Is  there  not  here  a  question  of  retention,  as  well  as  a 
question  of  excretion  which  needs  to  be  studied  out  ? 

Following  up  Dr.  Edsall's  remarks,  it  seems  to  me  to  be  very  clearly  proved 
by  studies  of  reversible  chemical  actions  in  the  human  body  that  acidosis  may 
result  from  excessive  neutralization  of  an  original  alkaline  intoxication,  and 
alkaline  intoxication  result  from  an  excessive  neutralization  of  an  original 
acidosis,  just  as  readily  as  the  original  acid  or  alkaline  intoxication  may  occur. 
I  am  asking  for  information,  I  have  none  to  contribute,  nor  can  I  find  in  my 
reading  that  these  questions  have  been  sufficiently  considered  in  drawing  con- 
clusions from  various  experiments. 

Dr.  James  Ewing:  With  regard  to  Dr.  Barker's  inquiry,  I  have  not  been 
able  to  find  any  type  of  case  such  as  he  describes  in  the  acidoses,  where 
ammonia  was  present  without  the  presence  of  acetone  compounds  or  lactic 
acid,  and  it  was  just  on  that  point  that  I  was  inclined  to  lay  considerable  stress 
on  the  presence  of  lactic  acid.  Where  there  is  no  increase  of  acid,  a  loss  of 
alkali  will  bring  about  a  certain  type  of  relative  acidosis  which  is  a  different 
thing  from  what  I  am  discussing.  In  eclampsia,  however,  we  do  get  cases  in 
which  the  ammonia  is  high,  the  lactic  acid  is  only  moderate,  and  the  acetone 
compounds  are  absent,  and  while  I  am  not  in  a  position  to  state  positively  the 
significance  of  such  a  urinary  condition,  it  seems  to  me  a  form  of  intoxication 
such  as  follows  the  Eck  fistula.  My  classification  of  these  clinical  conditions 
looks  toward  the  future  a  great  deal. 

In  regard  to  acetonemic  vomiting,  I  think  with  Dr.  Griffith  that  while  aci- 
dosis may  be  very  prominent  in  some  of  these  children,  it  is  a  very  doubtful 
question  whether  it  is  present  in  sufficient  degree  to  produce  the  symptoms,  as 
the  toxicity  of  acetone  is  so  very  slight,  and  some  of  these  cases  occur  without 
acetonemia,  and  there  seems  to  be  no  relation  between  the  amount  of  acetone 
in  the  urine  and  breath  and  the  severity  of  the  symptoms. 

I  wish  to  thank  Dr.  Edsall  for  his  remarks  on  the  subject,  especially  because 
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of  their  conservative  character.  I  am  aware  of  the  uncertainty  of  the  progress 
which  anyone  who  is  a  pathologist  rather  than  a  physiological  chemist  may  be 
able  to  make  in  it.  I  have  been  led  into  this  field  because  I  find  that  our 
ordinary-  p'athological  methods  are  not  giving  us  any  light.  I  find  from  con- 
versations with  chemists  that  much  the  same  state  of  doubt  exists  in  their 
minds  as  with  Dr.  Edsall  and  myself.  They  do  not  know  exactly  what  is  the 
full  significance  of  these  urinary  charges.  It  is  the  orthodox  opinion  that 
ammonia  excess  is  nothing  more  than  a  compensatory  process.  And  I  must 
confess  that  I  cannot  find  in  the  Uterature  any  very  satisfactory  evidence  that 
it  ever  figures  in  any  other  way.  The  clinical  and  pathological  indications, 
however,  are  clear  in  my  mind  that  it  has  another  function,  but  I  am  unable 
to  demonstrate  it  on  chemical  grounds.  I  think  the  most  striking  evidence  in 
favor  of  that  view  is  the  condition  established  in  the  Eck  fistula  in  dogs,  and 
which  appears  to  be  reproduced  more  or  less  in  disease. 

In  regard  to  Dr.  Cohen's  question  as  to  the  measure  of  the  acidosis,  he  hits 
upon  just  the  crux  of  the  matter.  We  measure  acidosis  by  the  amount  of 
ammonia.  There  are  objections  to  this  method,  the  chief  of  which  is  that  it 
is  an  indirect  method  to  measure  the  presence  of  acids  by  the  amount  of 
ammonia  that  is  required  to  neutralize  them,  although  we  are  unable  to  state 
positively  that  this  is  the  salt  function  of  the  ammonia.  So  that,  when  he 
asks  if  there  is  any  reliable  method  for  estimating  the  degree  of  acid  or  alkali 
intoxication,  I  think  we  will  have  to  admit  that  we  estimate  it  at  present  by  an 
unreliable  method.  If  one  should  attempt  to  estimate  the  oxybutyric  and  all 
other  acids  and  the  alkalies  this  would  lead  into  extensive  chemical  studies 
which  have  not  often  been  attempted. 


HYPERNEPHROMA   OF  THE   KIDNEY,   WITH   METAS- 
T.\SIS  TO  THE  MANUBRIUM  STERNI,  SIMU- 
LATING ANEURYSM  OF  THE  AORTA. 

By  AUGUSTUS  A.  ESHNER,  M.D., 

PHILADELPHIA. 


The  term  hypernephroma  has  been  appHed  to  a  newgrowth  that, 
while  exhibiting  considerable  variabihty  in  histological  arrangement, 
still  presents  the  general  structure  of  adrenal  tissue.  It  may  involve 
the  adrenal  gland  itself,  or  be  situated  in  some  other  organ  or 
tissue.  In  the  first  instance  it  is  to  be  looked  upon  as  a  hyperplasia 
of  normal  tissue,  while  in  the  second  it  is  believed  to  arise  from  dis- 
placed so-called  adrenal  "rests."  Accessory  adrenals,  or  misplaced 
adrenal  tissue,  is  said  to  be  not  uncommon,  and  has  been  found  not 
only  in  the  immediate  vicinity  of  the  adrenal  gland,  beneath  the 
capsule  of  the  kidney,  in  the  substance  of  the  kidney  itself,  but  also 
in  the  renal  and  solar  plexuses,  in  the  broad  ligament  and  the 
ovary,  in  the  testicle,  between  the  testicle  and  the  epididymis,  along 
the  spermatic  vein,  in  the  liver,  and  in  the  retroperitoneal  connective 
tissue. 

The  exact  histogenetic  position  of  the  hypernephroma  is  not  yet 
definitely  established.  The  macroscopic  and  microscopic  characters 
of  the  tumor  have  been  fully  described  in  the  literature. 

Hypernephromata  may  be  small  and  benign,  remaining  confined 
to  the  tissue  in  which  they  originate,  or  large  and  malignant,  breaking 
down  the  characteristic  capsule  by  which  they  are  surrounded,  and 
involving  contiguous  structures,  or  penetrating  a  vein,  and  giving 
rise  to  more  or  less  widespread  metastases.  In  this  respect  they 
bear  an  analogy  to  adenomata,  which,  while  ordinarily  benign, 
may  at  any  time  assume  malignant  qualities.  There  is,  however, 
no  necessary  relation  between  the  size  of  the  neoplasm  and  its  degree 
of  malignancy. 
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The  kidney  is  the  most  common  seat  of  primary  h^'pe^neph^oma, 
while  secondary  growths  haye  been  obseryed  in  ahnost  eyery  tissue 
of  the  body,  especially  in  the  bones.  The  latter  may  be  the  sole 
seat  of  metastasis,  and  the  secondary  growth  may  be  the  first  indi- 
cation of  the  disease.  On  the  other  hand,  the  metastatic  growth 
may  appear  many  years  after  surgical  remoyalof  the  primary  growth.^ 
In  one  instance  pulsation  was  obseryed  in  a  secondary  hyper- 
nephroma of  the  tibia."  A  single  metastasis  is  a  peculiarity  of 
hypernephroma ta.  Retrogressiye  changes  often  occur  in  the  neo- 
plasm, such  as  necrosis  and  fatty  metamorphosis,  and  hemorrhage 
may  result. 

The  tumors  vary  considerably  in  size,  and  the  symptoms  to  which 
theygiye  rise  correspond  in  general  with  those  caused  by  other  forms 
of  neoplasm.  Small  growths  may  altogether  escape  clinical  recog- 
nition and  be  discovered  only  at  autopsy. 

Hematuria  appears  to  be  less  common  in  connection  with  hyper- 
nephroma, both  generally  and  as  an  early  symptom,  than  with 
other  forms  of  malignant  disease  of  the  kidney.  The  amount  of 
hemorrhage  is  extremely  variable,  as  are  likewise  the  intervals 
between  attacks.  The  bleeding  may  take  place  spontaneously  or 
be  induced  by  various  causes,  such  as  physical  exertion,  manual 
examination,  cold.  A  point  in  favor  of  h^-pernephroma  as  com- 
pared with  other  forms  of  malignant  disease  of  the  kidney  is  the 
long  period  of  time  over  which  attacks  of  hematuria  are  sometimes 
repeated.  In  the  absence  of  a  palpable  tumor  the  site  of  pain  in 
connection  with  such  attacks  is  an  indication  as  to  the  organ  affected. 

The  amount  of  urine  is  likely  to  be  diminished  and  microscopic 
amounts  of  blood,  as  well  as  albumin  and  tube-casts,  may  be  present. 
Pain  over  the  affected  kidney,  apart  from  hematuria,  is  not  un- 
common. It  may  be  an  early  symptom,  and,  like  hematuria,  it 
may  be  present  for  a  long  time  before  the  actual  disease  becomes 
manifest.  It  is  sometimes  radiating  in  character  or  referred  to  the 
testicle  on  the  corresponding  side. 

A  palpable  tumor  is  present  at  some  period  of  the  disease  in  most 

'  Paul  Clairmont  (Archiv  f.  klin.  Chir.,  1904,  Ixxiii,  620)  reports  a  case  in  which  ahnost 
ten  years  after  surgical  removal  of  a  tumor  of  the  kidney  a  hypernephroma  developed  at 
the  bifurcation  of  the  trachea. 

-  Von  Bergmann  (Verhandl.  d.  deut.  Gesellsch.  f.  klin.  Chir.,  XVI  Congr..  1887,  30). 
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cases,  although  rarely  as  the  initial  symptom.  Cachexia  is  more 
commonly  absent  than  present.  Digestive  derangements  may  be 
superinduced  by  pressure  from  the  growth  or  as  a  result  of  reflex 
influences.  Occasionally  painless  varicocele,  not  disappearing  in 
the  recumbent  posture,  may  develop  rapidly  in  a  case  of  hyper- 
nephroma of  the  kidney.     Fever  has  been  noted  in  some  instances. 

Nephrectomy  is  the  only  permissible  treatment  when  the  condition 
is  recognized,  except  in  the  presence  of  multiple  metastases  and  of 
complete  immobility  of  the  tumor. 

While  most  common  in  adult  life,  hypemephromata  have  been 
observed  at  all  ages,  and  even  in  the  newborn.  Men  appear  to  be 
victims  in  greater  number  than  women .  Neither  kidney  appears  to  be 
more  predisposed  than  the  other. ^ 

The  affection  may  last  from  a  few  months  to  a  number  of  years- 
^Miile  not  common,  it  can  scarcely  be  said  to  be  rare. 

I  have  had  the  opportunity  of  observing  a  case  of  hypernephroma 
of  the  kidney  in  which  a  secondary  growth  in  the  manubrium  sterni 
was  mistaken  for  an  aneurysm  of  the  aorta,  its  exact  nature,  as  well 
as  the  presence  of  the  primary  growth  and  of  other  secondary  growths, 
being  discovered  only  at  autopsy. 

The  patient  was  a  married,  white  woman,  aged  sixty  years,  born 
in  Ireland,  who  was  admitted  to  the  Philadelphia  General  Hospital, 
February  5,  1907,  complaining  of  pain  and  swelling  in  the  upper 
extremities.  Her  father  had  died  at  seventy-five,  her  mother  at  fifty 
from  asthma  and  dropsy.  A  brother  had  died  at  forty  from  an  un- 
known cause,  and  one  sister  in  infancy.  A  second  sister  had  died 
insane.  The  patient  had  never  been  pregnant.  Menstruation  had 
begun  at  fifteen  and  been  regular  and  painless  until  the  meno- 
pause, at  the  age  of  forty-five.  The  woman  had  used  tea  and  alcohol 
excessively,  but  she  denied  venereal  disease.  She  had  had  measles 
and  chickenpox  in  childhood,  and  pneumonia  at  fifty-one.  She 
had  suft'ered  from  bronchitis,  and  she  had  had  both  cataractous 
crystalline  lenses  removed.  She  had  been  treated  earlier  in  life 
for  swelling  of  the  knees  thought  to  be  rheumatic,  and  her  kidneys 

1  Keen,  Pfahler,  and  Ellis  (trans,  of  the  Coll.  of  Phys.  of  Philadelphia,  1904,  xxvi,  267) 
found  the  tumor  upon  the  right  side  in  18  of  26  collected  cases;  while  Albrecht  (Archiv  f. 
klin.  Chir.,  1905,  Ixxvii,  1073)  found  the  right  kidney  involved  in  9  cases  and  the  left 
in  19. 
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were  at  one  time  said  to  have  been  diseased.     She  had  also  com- 
plained of  pain  in  the  hips. 

Eighteen  months  before  coming  under  observation  the  patient 
had  noticed  a  swelling  at  the  upper  part  of  tlie  sternum,  which  had 
gradually  increased  in  size  until  it  attained  the  proportions  of  a 
"clinched  fist."  There  was  no  pain,  and  the  patient  could  not 
recall  whether  there  had  been  pulsation  or  not.  Under  treatment 
with  an  ointment  the  swelling  diminished  considerably  in  size. 
Some  six  months  later  the  patient  had  attacks  of  vomiting  indepen- 
dently of  the  ingestion  of  food,  and  readily  relieved  by  treatment. 
After  the  lapse  of  a  year  or  more  the  swelling  again  exhibited  increase 
in  size  for  a  time,  subsequently  to  become  smaller.  There  had  been 
no  diflBculty  in  swallowing,  no  unilateral  sweating,  no  dyspnea, 
no  palpitation.  The  appetite  was  poor,  the  bowels  constipated. 
There  had  been  gain  in  weight  rather  than  loss,  and  the  patient  was 
quite  well  nourished  and  free  from  cachexia.  She  occupied  the 
dorsal  decubitus  principally,  and  she  slept  much  of  the  time.  The 
skin  of  the  face  was  pallid  and  was  marked  by  numerous  dilated 
capillaries.  The  pupillary  area  of  the  right  eye  was  the  seat  of  a 
dense  opacity,  while  the  left  pupil  was  irregular  in  outline.  Neither 
pupil  reacted  to  light.  The  pulse  was  small,  infrequent,  arrhythmic, 
alike  on  both  sides,  and  the  vessels  were  thickened. 

The  manubrium  sterni  was  the  seat  of  a  swelling  of  considerable 
size,  yielding  evident  pulsation  synchronous  with  that  of  the  heart 
and  having  an  expansile  character.  The  tumefaction  yielded  a 
sense  of  elasticity  on  manipulation  and  a  dull  note  on  percussion. 
No  thrill  was  palpable,  but  a  loud,  systolic  murmur  was  audible 
on  auscultation  over  the  mass,  together  with  the  second  sound  of  the 
heart.  The  apex  beat  was  visible  in  the  fifth  left  interspace  outside 
of  the  mid-clavicular  line.  The  cardiac  impulse  was  of  moderate 
intensity,  but  a  distinct  thrill  was  palpable.  The  action  of  the 
heart  was  markedly  arrhythmic.  In  the  aortic  area  a  short,  squeaking 
systolic  murmur  was  audible  and  transmitted  into  the  carotids;  it 
could  be  heard  also  at  the  ensiform  cartilage.  A  systolic  murmur 
was  audible  likewise  at  the  apex  of  the  heart.  Except  for  a  few 
moist  rales  at  the  bases  the  lungs  exliibited  no  abnormality. 

An  x-ray  examination  made  in  the  hospital  laboratory  failed  to 
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show  the  presence  of  an  aneurysm  of  the  aorta,  while  the  right,  and 
perhaps  also  the  left,  ventricle,  appeared  to  be  dilated  and  displaced 
to  the  left,  A  few  small  glands  (calcified)  were  visible  in  the  apices 
of  both  lungs  and  in  the  mediastinum. 

Numerous  dilated  superficial  vessels  were  visible  on  the  lower  ex- 
tremities. The  urine  contained  albumin  and  granular  casts.  The 
number  of  leukocytes  was  13,000  in  the  cubic  millimeter.  The 
abdomen  exhibited  no  abnormality. 

While  under  observation  the  patient  complained  of  occasional 
pain  referred  to  the  sternum,  while  the  tumor  diminished  in  size. 

On  April  25, 1907,  retention  of  urine  set  in,  with  overflow  dribbling, 
so  that  catheterization  became  necessary.  On  April  28  there  were 
occasional  attacks  of  vomiting  after  food,  and  the  general  condition 
was  growing  gradually  worse,  with  increasing  weakness.  On 
May  9  a  typhoid  state  had  developed,  with  low,  muttering  delirium 
and  incontinence  of  urine.  Finally  coma  set  in,  and  death  took 
place  on  May  16. 

On  postmortem  examination  the  body  was  found  to  be  well  de- 
veloped, with  rather  an  excess  of  subcutaneous  fat,  although  the 
abdominal  muscles  were  thin  and  pale.  Over  the  manubrium 
sterni  was  a  small-sized  tumor  of  soft  consistency,  which  on  incision 
exhibited  a  grayish  color.  This  was  found  to  involve  the  entire 
manubrium  and  the  cartilages  of  the  first  and  second  ribs  at  their 
junction  with  the  sternum.  The  right  kidney  contained  at  its  lower 
pole  close  to  the  pelvis  a  newgrowth  4x5  cm.  in  dimensions,  of 
firm  consistency  and  gray  color,  and  containing  areas  of  softening. 
The  uterus  at  its  fundus  contained  two  small  chestnut-sized  growths, 
and  the  left  lung  a  calcareous  nodule  at  its  apex  and  a  smaller 
nodule  at  its  base.  On  histological  examination  the  growths  in 
kidney,  lung,  uterus,  and  sternum  exhibited  the  structure  of  hyper- 
nephroma. 

The  heart  was  dilated  and  its  musculature  was  the  seat  of  fatty 
metamorphosis.  The  aorta  was  atheromatous  and  its  valves  sclerotic. 
The  lungs  were  congested  and  edematous.  The  kidneys  were  the 
seat  of  passive  congestion,  with  probable  parenchymatous  changes. 

The  age  of  the  patient,  the  evidence  of  arteriosclerosis,  the  presence 
of  a  pulsatile  and  expansile  tumor  in  the  course  of  the  aorta,  a  mur- 
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mur  on  auscultation,  improvement  in  the  dorsal  decubitus,  together 
suggested  the  existence  of  aneurysm,  but  this  conclusion  was  not 
confirmed  bv  the  a'-ray  findings.  The  exact  nature  of  the  disorder, 
however,  remained  undiscovered  until  disclosed  by  postmortem 
examination. 


DISCUSSION. 


Dr.  Charles  G.  Stocktox:  Dr.  Eshner  states  what  I  think  you  will  all 
agree  with,  and  that  is  that  the  s^Tnptoms  of  hypernephroma  are  not  unlike 
those  of  other  malignant  tumors.  This  winter  there  came  under  my  observa- 
tion a  case  of  very  remarkable,  and  very  regular,  intermittent  fever,  that 
continued  for  nearly  a  year.  The  patient  had  been  in  a  malarial  climate,  and 
he  was  suspected  of  having  malaria,  but  that  was  disproved  by  both  the  quinine 
test  and  the  examinations  of  the  blood.  A  tumor  was  discovered  in  the  region 
of  the  kidney,  and  it  was  enucleated  and  proved  to  be  a  hv'pernephroma. 
Following  this  the  fever  disappeared  for  eighteen  days,  when  it  returned,  and 
I  believe  is  still  progressing.  The  patient  has  been  seen  by  various  men,  at 
various  hospitals,  and  is  now  under  the  care  of  a  physician  in  Brooklyn,  and  I 
am  following  the  case.  I  bring  the  matter  forward  because  it  is  somewhat 
allied  to  the  paper  of  Dr.  Eshner,  and  to  ask  if  others  have  had  this  experience 
with  hypernephroma. 


REMEW  OF  THE  THEORETIC  CONSIDERATIONS  AND 

EXPERniENTAL  WORK  RELATIVE  TO  OPSONINS, 

WITH    OBSERVATIONS   AT   THE   SARANAC 

LABORATORY. 


By  EDWARD  R.  BALDWIN,  M.D., 

SARANAC    LAKE,    N.   Y. 


During  the  past  year  no  lack  of  diligence  has  been  manifest  in 
the  study  of  opsonic  phenomena.  The  view  at  first  held,  that  a 
distinctly  separate  substance  in  the  serum  was  involved  in  preparing 
objects  for  phogocytosis,  has  become  open  to  doubt.  Through  the 
work  of  Dean,  Cowie  and  Chapin,  Sleeswijk,  and  Levaditi  it  has 
been  independently  shown  that  the  opsonic  activity  of  normal 
sera  undergoes  all  the  known  tests  in  a  quite  parallel  manner  for 
so-called  normal  or  non-specific  amboceptors  and  complement. 
The  behavior  of  the  opsonic  function  to  heat,  the  re-activation  of 
heated  serum  by  dilute  fresh  serum,  its  absorption  by  various  organic 
substances  in  a  warm  temperature,  its  separation  into  two  fractions 
in  the  cold,  and  finally,  its  inactivation  by  so-called  anticomplement 
serum,  all  point  to  its  close  relationship  with  the  substances  hitherto 
known  as  amboceptor  and  complement. 

Prof.  Muir,  of  Glasgow,  observes  that  there  is  too  great  a  tendency 
to  consider  that  all  these  phenomena  must  conform  closely  to  Erhlich's 
scheme  of  receptors,  yet  it  may  be  possible  that  the  same  substance 
produces  bactericidal  effects  on  one  organism  and  opsonizing 
effects  on  another.  Hence  the  possible  varying  manifestations  of 
the  same  substance  in  sera  according  to  the  resistance  of  different 
bacteria,  their  chemical  affinities,  or  other  properties.  It  is  well, 
therefore,  to  keep  in  mind  the  fact  that  a  new  name  coined  to  fit  a 
newly  discovered  function  need  not  of  necessity  carry  the  conception 
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of  a  distinct  substance  in  serum.  It  is  true  that  by  the  previous 
work  of  Neufeld  and  Topfer,  Baratt,  and  Hektoen  we  know  that 
hemolysins  can  apparently  be  entirely  separated  from  hemopsonins, 
and  there  are  also  some  unexplained  contradictions  in  the  case  of 
bacteriolysins.  It  is  possible  that  these  differences  may  be  partly 
due  to  limitations  in  the  range  of  experimental  conditions,  to  imper- 
fect quantitative  relations,  and,  lastly,  to  too  little  attention  given 
to  variations  in  leukocyte  activity  independently  of  the  sera. 

Since  the  phagocytic  function  is  known  to  depend  both  upon 
physical  and  chemical  conditions,  so  many  factors  may  influence  it 
at  a  given  time  that  it  is  quite  difficult  to  control  them. 

In  normal  sera  the  opsonic  property  is  regarded  by  ^luir  and 
Levaditi  as  indistinguishable  from  the  complement,  or  at  least  it 
may  be  active  without  any  intervening  body.  There  is  possibly  more 
reason  to  consider  immune  opsonins  as  distinct  entities  because 
their  presence  may  be  demonstrated  in  the  absence  of  corresponding 
lysins  or  agglutinins  in  some  instances.  In  most  immune  sera, 
however,  removal  of  immune  amboceptors  by  absorption  is  accom- 
panied by  a  simultaneous  loss  of  lytic,  agglutinative,  and  opsonic 
functions.  In  some  specific  sera  opsonic  and  agglutinative  proper- 
ties vary  in  the  same  proportions;  in  others  there  seems  to  be  no 
correspondence,  and,  generally  speaking,  heat  will  greatly  weaken 
or  destroy  the  opsonin  without  "affecting  agglutinin  markedly. 

Nevertheless,  the  general  result  of  experiments  along  the  line  of 
establishing  relationships  between  various  antibodies  has  been  to 
place  the  specific  opsonins  in  the  class  of  specific  amboceptors.  It 
is  to  be  recognized,  however,  that  they  may  influence  phagocytosis 
without  the  aid  of  the  complement,  although  strengthened  by  it. 
The  lack  of  correspondence  in  certain  particulars  cannot  be  said  to 
prove  that  the  opsonic  function  depends  upon  a  different  amboceptor 
than  that  concerned  in  other  functions,  yet  it  appears  equally 
difficult  to  prove  its  identity  with  other  amboceptors  by  the  points 
of  resemblance. 

The  importance  of  ascertaining  the  true  position  of  opsonic  acti%'ity 
lies  in  its  use  as  a  measure  of  specific  resistance  and  in  diagnosis. 
In  these  applications  there  are  limitations  which  are  more  apparent 
as  additional  facts  have  been  brought  out  of  clinical  studies.     It 
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mav  be  the  best,  but  is  a  very  imperfect  standard  of  resistance,  con- 
sidering the  importance  of  other  unmeasured  factors  which  may 
or  may  not  coincide  with  it.  These  are  possibly  bacteriolytic  or 
antitoxic,  or  there  may  be  unknown  differences  in  the  leukocytes 
themselves.  In  some  local  infections  with  cocci  and  the  tubercle 
bacillus  the  opsonic  estimations  have  appeared  useful  in  diagnosis 
and  treatment.  In  progressive  generalized  infections  the  results 
have  been  of  doubtful  value.  The  detection  of  specific  opsonin  for 
diagnosis  by  absorption  of  the  heated  serum  with  the  respective 
bacterial  organism  has  been  successfully  practised  by  C.  P.  Ritchie. 
The  method  is  analogous  to  that  of  complement  fixation  of  Bordet, 
and  might  be  called  "opsonin-fixation,"  the  phagocytic  test  taking 
the  place  of  the  hemolytic  one  for  revealing  the  degree  of  absorption 
of  antibodies.  The  method  seems  worthy  of  trial  when  a  good 
command  of  the  opsonic  technique  is  acquired. 

During  the  past  year  there  have  been  numerous  clinical  studies 
published  based  on  determinations  of  the  opsonic  index,  but  a  critical 
analysis  does  not  convince  one  of  their  value.  The  application  of 
mathematical  laws  to  the  results  of  opsonic  tests  by  the  Cambridge 
Committee  on  the  Study  of  Special  Diseases,  and  notably  by  Dr. 
Ruyn  in  recent  publications,  has  not  increased  respect  for  the  accu- 
racy of  the  test  as  at  present  performed.  On  the  other  hand,  when 
carried  out  with  sufficient  care  to  become  impracticable  on  account 
of  the  labor  involved,  results  may  be  obtained  which  are  at  least 
of  theoretical  importance. 

During  the  past  year  our  observations  at  the  Saranac  Laboratory 
on  the  effect  of  tubercle  bacilli  opsonized  or  treated  with  the  serum 
of  immunized  cows  have  been  extended,^  As  reported  last  year, 
animals  inoculated  with  bacilli  thus  prepared  acquired  a  more  marked 
infection  and  earlier  signs  of  local  inflammation  at  the  site  of  inocu- 
lation than  in  control  animals.  To  obtain  this  result  virulent 
bacilli  were  kept  in  contact  with  the  serum  three  days,  washed,  and 
a  very  small  number  inoculated  subcutaneously  into  guinea-pigs  or 
into  the  cornese  of  rabbits.  The  cow  from  which  the  serum  was 
obtained,  and  which  had  been  repeatedly  injected  with  extracted  pul- 
verized tubercle  bacilli  (known  as  "T.  C"),  was  permitted  to  rest  from 

'  Trans.  Assoc.  Amer.  Phys.,  1907,  vol.  xxiii. 
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any  treatment  for  six  months.  The  blood  taken  at  the  end  of  this 
period  failed  to  reveal  any  differences  from  that  of  the  control  animal. 
The  sera  were  now  identical  in  effect,  as  judged  by  inoculations  in 
rabbits'  cornete.  The  right  eyes  of  four  animals  were  used  for 
the  specific  serum  bacilli,  the  left  for  the  normal,  thus  making  the 
comparisons  more  valuable  as  the  minute  separate  foci  were  in  oppo- 
site eyes  of  the  same  animals.  Following  this  experiment,  treatment 
of  the  cow  was  again  resumed  for  two  months,  and  the  serum  tested 
on  the  eyes  of  ten  rabbits  after  the  above  manner.  Here  again  we 
noted  differences  in  the  development  of  the  tubercles.  In  nine  of 
the  right  eyes  a  well-marked  conjunctival  hyperemia  developed 
during  the  first  ten  days,  while  in  seven  of  the  left  eyes  it  was  for  the 
most  part  slight  and  in  three  absent.  During  the  same  period  a 
leukocyte  infiltration  could  be  readily  seen  in  the  right  eyes  which 
was  absent  in  the  left.  After  the  tenth  day  these  differences  grad- 
ually passed  away  owing  to  the  progressive  development  of  the 
tubercles  in  all  the  eyes.  In  half  of  the  animals  the  tuberculous 
focus  in  the  right  eyes  was  larger  on  the  twenty-sixth  day  than  the 
left,  and  this  was  the  period  of  maximum  development.  The  disease 
was  restricted  to  the  upper  zone  of  the  corneae  in  an  area  of  2  to  5  mm, 
diameter  when  the  animals  were  killed  on  the  thirtieth  day. 

The  results  of  microscopic  sections  made  by  Dr.  Joseph  L.  Nichols 
in  the  previous  experiments  revealed  a  greater  phagocytic  activity 
on  the  tubercle  bacilli  and  more  leukocytic  infiltration  in  the  immune- 
serum  inoculated  eyes  thtin  in  the  controls.  There  were  no  other 
strikino:  differences  to  be  seen,  and  individually  not  even  those  above 
mentioned  in  all  cases. 

It  was  now  thought  to  be  of  interest  to  try  the  relative  protective 
power  of  opsonized  bacilli  of  low  virulence  in  immunizing  guinea- 
pigs  against  virulent  cultures.  It  might  be  expected  that  a  vaccine 
prepared  in  immune  serum  would  produce  a  more  decided  action 
either  protective  or  otherwise.  Ten  guinea-pigs  were  thus  inoculated 
subcutaneously  for  a  preliminary  test,  and  at  the  same  time  ten  others 
were  inoculated  with  bacilli  opsonized  with  normal  serum,  together 
with  another  ten  with  non-opsonized  bacilli.  All  were  inoculated 
with  virulent  cultures  after  two  months,  together  with  ten  controls. 
The  first  withstood  the  virulent  inoculation  apparently  better  than 
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the  other  two  sets  of  immunized  pigs.  All  were  killed  after  forty 
davs.  The  virulent  infection  had  extended  only  to  the  inguinal 
nodes  in  the  immune  serum,  whereas  it  had  reached  the  iliac  nodes 
and  spleen  in  most  of  the  others.  No  trace  of  the  protective  inocula- 
tion remained  in  the  immimized  animals  first  described,  but  fibro- 
caseous  nodes  were  present  in  nearly  all  the  others,  together  with  cold 
abscesses  at  the  site  of  inoculation.  The  disease  had  reached  the 
spleen  and  liver  in  all  the  controls. 

From  these  observations  it  appears  that  a  specific  substance  in  the 
immune  cow  serum  attaches  itself  to  tubercle  bacilli  immersed  for 
twenty-four  hours  or  more  in  it,  or  so  changes  them  as  to  render 
them  at  first  more  irritant  to  the  animal  subsequently  inoculated 
with  them.  That  a  specific  body  is  contained  in  the  serum  was 
demonstrated  both  by  the  phagocytic  or  opsonic  tests  and  the  com- 
plement-fixation-hemolytic  test  as  applied  by  Bordet  and  more 
recently  by  Wasserman  and  Citron.  That  the  specific  substance  has 
something  to  do  with  bacteriolysis  is  quite  probable,  although  not 
easy  to  demonstrate  by  morphological  changes  in  the  tubercle  bacilli. 
The  modified  Gram  aniline- violet  stain  as  employed  by  Much  showed 
no  recognizable  difi^erences  on  human  bacilli  treated  with  this  serum. 
Nevertheless,  when  low  virulent  bacilli  thus  prepared  are  used  as  a 
vaccine,  possibly  we  may  confer  a  greater  protective  power  against 
the  disease.  In  these  experiments  there  is,  of  course,  no  absolute 
immunity,  but  only  a  marked  retardation  of  the  virulent  infection. 

In  addition  to  the  experimental  work  just  described,  Drs.  King- 
horn  and  Twichell  have  continued  their  clinical  observations  with  the 
opsonic  index.  Their  study  was  directed  along  two  lines,  in  the  hope 
of  obtaining  comparisons  between  the  normal  and  diseased  indi- 
vidual which  could  be  controlled  with  sufficient  care  to  be  of  value- 
To  this  end  they  first  estimated  the  tuberculo-opsonic  index  of  63 
supposedly  healthy  individuals  and  36  tuberculous  patients,  always 
in  comparison  with  the  same  normal  serum.  In  the  first  it  was  found 
that  a  range  could  exist  between  0.92  and  1.94  in  health,  taking  the 
single  normal  as  unity  and  including  an  ascertained  extreme  tech- 
nical error  of  +  or  — 16  per  cent,  for  single  tests,  or,  according  to 
Wright's  standard,  +  or  — 4  per  cent;  i.  e.,  8  per  cent,  as  an  average/ 

•  Noon  and  Fleming  give  7  per  cent,  as  the  "standard  deviation"  in  normal  sera,  including 
5  per  cent,  "mean  error,"  at  St.  Mar>''s  Hospital.     Lancet,  1908,  April  25. 
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The  mean  of  these  normal  sera  was,  however,  1.003.  The  index 
for  tuberculous  sera  in  five  incipients  ranged  from  0.61  to  1.87, 
while  the  31  advanced  and  far  advanced  cases,  all  with  fever,  ranged 
from  0.26  to  2.26. 

They  also  made  six  or  seven  daily  opsonic  estimations  before  and 
after  the  subcutaneous  tuberculin  test  for  diagnosis  in  seven  persons. 
They  obtained  no  regular  reaction  curve,  but  the  index  was  generally 
higher  after  a  tuberculin  reaction.  Likewise,  in  11  patients  under 
treatment  with  tuberculin  given  without  reference  to  the  index,  no 
characteristic  or  uniform  curve  was  manifest.  The  determinations 
were  frequently  made  from  duplicate  tests  of  two  to  six  prepara- 
tions of  each  serum  to  control  the  technique.  Their  results  do  not 
encourage  us  to  expect  much  practical  use  of  the  index  in  pulmonary 
cases  in  the  usual  method  of  its  application. 
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THE  RELATION  OF  ANAPHYLAXIS  TO  THE  TOXEMIAS 
OF  PREGNANCY. 


By  M.  J.  ROSENAU,  M.D.,  and  JOHX  F.  AXDERSON/  M.D., 

■WASHIXGTO-V. 


The  symptoms  which  cause  puerperal  eclampsia,  and  the  condi- 
tions under  which  it  occurs,  suggest  that  anaphylaxis  may  explain 
some  of  the  mystery  of  this  state. 

It  occurred  to  us  that  either  the  blood  or  proteid  substances  in 
solution  from  the  fetus  or  the  placenta  may  first  sensitize  the  mother. 
A  subsequent  introduction  into  the  system  of  the  mother  of  a  similar 
substance  may  explain  the  convulsions  and  the  symptoms  which 
occur  in  a  certain  class  of  the  toxemias  of  pregnancy. 

''Through  the  establishment  of  the  pathological  anatomy  of  the 
condition  a  general  agreement  has  been  reached  that  puerperal 
eclampsia  must  be  included  among  the  diseases  caused  by  toxic 
materials  of  unknown  origin  and  nature."'  A  certam  class  of  the 
toxemias  of  pregnancy  are  sometimes  spoken  of  as  of  reflex  or 
neurotic  origin. 

There  seems  to  be  a  fair  agreement  that  the  placenta  must  be  the 
source  of  the  toxic  material,  especially  as  typical  cases  of  eclampsia 
and  pernicious  vomiting  have  been  observed  in  patients  with  hydatid 
mole,  in  which  cases,  of  course,  toxic  matter  of  fetal  origin  could  be 
eliminated.  Furthermore,  eclampsia  may  appear  after  the  fetus 
has  been  removed.  Much  attention  was,  therefore,  given  to  the 
hypothesis  elaborated  about  four  years  ago  by  Veit,  Weichardt, 
and  others,  that,  through  the  entrance  of  placental  cells  into  the 
circulation  of  the  mother,  an  intoxication  was  caused  either  by  the 

1  Not  a  member. 

'  For  a  discussion  of  the  theories  concerning  the  causes  of  the  toxemias  of  pregnancy,  see 
editorial  in  the  Journal  of  the  American  Medical  Association,  January  11,  1908,  vol.  1,  No.  2, 
p.  124. 
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disintegration  of  the  cells  and  the  formation  of  toxic  substances  or 
in  the  development  of  antisubstances  by  the  maternal  organism. 

In  spite  of  much  experimentation  and  discussion,  however,  no 
satisfactory  conclusions  have  yet  been  reached  concerning  the 
validity  of  this  hypothesis,  and  Martin  has  secured  some  very 
valuable  evidence  that,  at  least  in  rabbits,  entrance  of  their  own 
placental  elements  into  the  circulation  in  large  amounts  does  not 
cause  any  serious  disturbance.  So  far  as  we  are  aware  we  are  the 
first  to  suggest  that  certain  of  the  toxemias  of  pregnancy  may  be  a 
condition  of  hypersusceptibility. 

Along  these  lines  we  first  made  a  number  of  experiments  to  deter- 
mine whether  the  fetal  blood  of  the  guinea-pig  could  sensitize  the 
mother  guinea-pig.  We  injected  a  number  of  female  guinea-pigs, 
both  pregnant  and  not  pregnant,  with  guinea-pig  fetal  blood,  and, 
after  an  appropriate  interval,  gave  them  a  second  injection  of  the 
same  material.  All  these  experiments  resulted  negatively,  which  was 
anticipated  from  our  previous  studies  upon  the  effect  of  homologous 
blood  serums.  This  further  confirms  the  clinical  observations  that 
the  poisons  causing  the  toxemias  of  pregnancy  do  not  come  from  the 
fetus. 

We  then  made  a  series  of  experiments  upon  female  guinea-pigs 
with  placental  extracts.  The  placenta  (almost  at  full  term)  was 
ground  up  in  a  mortar  and  allowed  to  "autolyze"  about  an  hour  at 
room  temperature,  and  some  of  the  resulting  extract  was  injected 
subcutaneously  into  female  guinea-pigs. 

After  an  interval  of  twenty-two  days,  the  guinea-pigs  were  again 
inoculated  with  a  placental  extract.  This  time  the  placenta  was 
allowed  to  "autolyze"  three  hours  in  the  incubator  (37°  C).  Five 
pigs  were  tested  with  this  placental  extract;  three  of  them  were 
given  6  c.c.  into  the  peritoneum,  two  of  these  three  showing  pro- 
nounced symptoms  of  anaphylaxis.  The  remaining  one  showed 
slight  symptoms.  Six  c.c.  of  the  same  placental  extract,  injected 
into  the  peritoneal  cavity  of  two  young  normal  guinea-pigs  as  a 
control,  produced  no  apparent  effect.  The  remaining  pigs  were 
injected  with  small  quantities  of  the  extract  intracerebrally,  with 
negative  results. 

From  this  limited  series  it  is  evident  that  the  mother  guinea-pig 
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mav  be  sensitized  with  the  autolytic  products  of  her  o^\•n  placenta. 
These  experiments  naturally  suggest  that  there  may  be  a  certain 
relation  between  some  cases  of  puerperal  eclampsia  and  the  phe- 
nomenon in  the  guinea-pig  which  we  are  studying.  Further  studies 
along  this  line  are  now  being  made. 


DISCUSSIOX. 


Dr.  Victor  C.  Vaugh ax:  I  want  to  say  that  this  observation  is  a  very 
interesting  and  a  very  suggestive  one.  I  have  been  unfortunate  enough  to  see 
several  women  die  from  puerperal  eclampsia,  and  I  had  been  very  much  struck 
long  before  I  knew  of  this  observation  of  Dr.  Rosenau  with  the  resemblance 
between  puerperal  eclampsia  and  the  symptoms  induced  by  sensitization. 
They  resemble  each  other  so  closely  that  I  think  this  is  a  very  suggestive  fact. 
Of  course,  we  cannot  tell  what  it  will  develop  into.  But  I  think  it  is  very 
suggestive,  and  studies  along  this  line  need  to  be  prosecuted  further.  I  want 
to  compliment  Dr.  Rosenau  on  making  this  interesting  observation. 


FURTHER  OBSERVATIONS  UPON  THE  POISONS  OF 
AJMANITA  PHALLOIDS. 

Preliminary  Communication. 
By  J.  J.  ABEL.  M.D.,  and  W.  W.  FORD,'  M.D. 


It  has  previously  been  pointed  out"  that  the  hemolytic  poison  in 
this  fungus  is  a  nitrogenous  glucoside  containing  a  pentose,  while 
the  more  toxic  substance^  is  a  conjugate  sulphate,  yielding  fatty 
amines,  pyrrol,  and  indol.  Subsequent  experiments  have  been 
carried  out  relating  to  the  further  isolation  and  purification  of  these 
substances  during  the  past  winter.  The  hemolysin,  which  is  soluble 
in  water  and  can  thus  be  extracte<l  from  the  fungus,  can  be  pre- 
cipitated by  various  reagents  from  aqueous  solution  without  loss 
of  hemolytic  activity.  In  addition  to  alcohol,  basic  lead  acetate, 
cupric  acetate,  and  uranyl  acetate  serve  this  purpose  best,  the 
various  precipitates  formed  being  decomposed  by  sodium  bicar- 
bonate or  by  disodium  hydrogen  phosphate.  Proteid  may  also  be 
removed  completely  from  alkaline  solutions  by  uranyl  acetate,  and 
solutions  of  the  hemolysin  may  be  dialyzed  through  parchment  for 
periods  of  three  to  four  days  without  loss.  By  a  combination  of 
these  various  means  the  hemolysin  can  be  obtained  as  a  grayish 
brown  powder  suitable  for  organic  analysis  and  actively  hemolytic. 
The  amount  of  organic  matter  has  been  estimated  on  a  number 
of  occasions,  in  purified  hemolytic  solutions,  the  greatest  strength 
being  found  in  those  obtained  from  the  lead  and  copper  pre- 
cipitates. The  hemolytic  activity  is  frequently  as  high  as  1  to 
200,000,  using  a  2.5  per  cent,  blood  suspension  as  an  index. 
The  greatest  activity  obtained  by  Kobert  was  1  to  125,000  with  a 

1  Not  a  member. 

-  Abel  and  Ford.      Journal  of  Biological  Chemistry,  1907,  vol.  ii,  No.  4,  p.  273. 

'  Schlesinger  and  Ford.      Journal  of  Biological  Chemistry,  1907,  vol.  iii.  No.  4,  p.  271. 
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1  per  cent,  bloocl  suspension.  In  all  cases  the  actively  hemolytic 
solutions  still  give  the  glucosidal  reactions  previously  indicated. 

In  order  to  obtain  the  largest  amount  of  this  hemolytic  glucoside, 
it  was  found  necessary  to  make  an  aqueous  solution  of  the  fungi 
which  could  be  precipitatefl  by  basic  lead  acetate.  In  this  methotl 
the  toxin  is  found  in  the  lead  filtrate.  This  substance  had  pre- 
viously been  obtained  by  extracting  the  amanitas  directly  with 
alcohol.  The  methods  of  purifying  the  toxin  had  therefore  to  be 
modified,  and  to  this, end  the  filtrate  from  basic  lead  acetate  was 
treated  with  saturated  sodium  sulphate  for  the  removal  of  lead. 
The  resulting  filtrate  was  now  partially  precipitated  with  phos- 
photungstic  acid.  The  precipitate  was  decomposed  with  barium 
hydrate  and  again  precipitated  in  two  fractions  by  phosphotungstic 
acid,  while  the  filtrate  was  again  precipitated  by  the  same  reagent. 
This  latter  precipitate  was  now  decomposed  by  barium  hydrate 
and  again  precipitated  in  two  fractions  by  phosphotungstic  acid. 

The  two  first  and  the  two  second  precipitates  were  now  combined, 
decomposed  by  barium  hydrate,  the  excess  of  barium  removed  by 
sulphuric  acid,  and  treated  with  silver  nitrate  for  the  removal  of 
impurities.  The  resulting  solutions  were  now  tested  for  toxicity, 
and  it  was  found  that  the  bulk  of  the  poison  lay  in  the  second 
phosphotungstic  precipitate. 

This  fraction  was  therefore  further  purified  by  precipitation 
with  phosphotungstic  acid,  when  it  was  found  that  1  c.c,  containing 
0.004  gram  of  organic  matter,  would  kill  a  2000-gram  rabbit  in 
twentv-four,  hours  with  the  usual  signs  of  amanita  intoxication. 


ASCITES  IN  TYPHOID  FEVER. 


By  ALEXANDER  McPHEDRAN,  M.D. 

TORONTO. 


Peritoneal  effusion  in  typhoid  fever,  apart  from  peritonitis, 
must  be  of  rare  occurrence,  as  there  is  no  reference  to  it  in  the  htera- 
ture  on  the  subject.  During  the  last  three  years  six  cases  presenting 
signs  of  such  effusion  have  come  vmder  my  observation.  In  all 
of  them  the  effusion  occurred  during  the  course  of  the  illness,  per- 
sisted for  about  ten  days  or  two  weeks,  and  disappeared  in  all  but 
one  with  convalescence.  In  all  the  cases  the  disease  was  severe, 
but  in  none  were  there  hemorrhages  or  symptoms  of  peritonitis, 
except  in  one  case. 

Case  I. — The  most  marked  case  was  that  of  a  woman,  aged  thirty  years, 
who  was  married,  had  two  children,  and  came  from  the  foothills  of  the  Rocky 
Mountains  in  October,  1907.  On  her  arrival  she  was  very  ill,  her  temperature 
being  104°  F.  She  had  severe  bronchitis,  with  loud  rales  of  great  variety  and  some 
wheezing  in  all  parts  of  the  chest.  She  had  a  history  of  asthmatic  attacks  extending 
over  some  years.  The  sputum  was  frothy  and  copious,  but  contained  no  spirils 
or  eosinophiles,  nor  was  the  dyspnea  paroxysmal.  After  a  few  days  it  became 
evident  that  she  was  suffering  from  typhoid  fever,  all  the  usual  symptoms  of 
which  were  presented  later — the  rose-colored  spots,  enlarged  spleen,  leukopenia, 
Widal  reaction,  low  blood  pressure,  etc.  The  abdomen  was  not  at  any  time 
distended,  but  remained  relaxed  throughout.  The  course  of  the  disease  was 
severe  and  protracted,  but  otherwise  uneventful.  She  showed  marked  prostra- 
tion. 

In  the  third  week  after  she  was  first  seen  both  flanks  became  full  and  fluctu- 
ating in  the  dorsal  position.  The  note  to  light  percussion  was  flat  to  the  mamil- 
lary line;  on  deeper  percussion  there  was  slight  tympany  of  an  amphoric  char- 
acter. Fluctuation  was  easily  demonstrated.  When  turned  on  her  side  the 
upper  flank  became  concave  and  somewhat  tympanitic;  the  dependent  one  full 
and  rounded,  with  fluctuation  and  flatness  well  marked  to  the  parasternal  line. 
That  these  signs  were  not  due  to  fluid  feces  in  the  colon  was  shown  by  the  fact 


GO  mcphedran:  ascites  ix  typhoid  fever 

that  no  alteration  in  them  resulted  from  the  action  of  a  coj)ious  enema. 
A  purgative  was  then  given;  it  acted  freely  but  without  affecting  the  signs  of  free 
fluid  effusion.  The  (juantity  of  fluid  varied,  diminishing  somewhat  on  one  or 
two  occasions  and  then  increasing  again,  until  toward  the  end  it  gradually  lessened 
until  evidences  of  its  existence  disappeared,  leaving  the  flanks  retracted.  At 
the  same  time  the  temperature  became  normal,  and  convalescence  was  soon 
established. 

Case  II. — A  laborer,  aged  twenty-two  years,  with  good  personal  and  family 
histories,  was  admitted  to  the  hospital  Septembei  22,  1905.  He  said  he 
had  had  typhoid  fever  during  the  preceding  year.  However,  the  symptoms  of 
the  present  attack  were  quite  marked:  the  usual  temperature,  some  diarrhea, 
moderate  abdominal  distention,  rash  on  the  chest  and  abdomen,  enlarged  spleen, 
leukocvtes  as  low  as  4500,  and  well-marked  Widal  reaction.  The  illness  was 
protracted,  there  being  aj^parently  a  series  of  intercurrent  relapses.  The  signs 
of  fluid  in  the  peritoneal  ca\'ity  became  apparent  October  23,  in  the  beginning 
of  the  fifth  week,  and  were  quite  marked  until  December  6,  after  which  they 
gradually  abated,  and  were  not  evident  ten  days  later.  The  abdomen  was  cjuite 
relaxed  throughout  the  illness,  and  was  not  tender  on  deep  palpation.  His 
convalescence  was  satisfactory,  and  he  left  the  hospital  in  good  condition.  Spu- 
tum was  scanty,  but  in  such  as  there  was  obtained  no  tubercule  bacilli  were  found 
on  repeated  examinations. 

Case  III. — A  man,  aged  thirty-five  years,  a  clerk,  was  in  the  hospital  at  the 
same  time  as  Case  II.  On  admission  the  abdomen  was  tympanitic  in  all  parts, 
including  the  flanks.  The  rash  was  profuse  and  widespread.  Two  days  after 
admission  the  flanks  were  found  full,  flat  on  percussion  to  the  mamillary  line, 
and  with  fluctuation  quite  distinct.  The  signs  of  effusion  lasted  over  three 
weeks  and  disappeared  with  convalescence.     His  recovery  was  satisfactory. 

Case  IV. — A  young  man,  entered  the  hospital  in  January,  1908;  the  symptoms 
of  typhoid  fever  were  well  marked.  About  the  end  of  the  second  week  of  illness 
sighs  of  moderate  peritoneal  effusion  developed,  persisted  for  two  weeks,  and 
then  disappeared  rather  rapidly.  The  ophthalmotuberculin  test  was  made 
without  any  reaction  following.  After  the  temperature  had  been  normal  three 
days  pleuritis  of  the  left  side  began  with  much  pain  and  moderate  fever.  The 
exudate  was  fairly  free,  although  no  fluid  was  obtained  by  the  aspirating  syringe. 
To  determine  whether  it  was  due  to  tuberculous  infection,  a  further  test  was 
made  with  old  tuberculin  subcutaneously.     No  reaction  resulted. 

Case  V. — The  patient  was  a  girl,  aged  fifteen  years,  whom  I  saw  but  once, 
in  consultation  with  her  physician,  in  the  second  or  third  week  of  her  illness. 
There  was  a  large  quantity  of  fluid  in  the  peritoneal  cavity;  the  signs  were  first 
observed  on  the  previous  day,  although  the  eft'usion  had  probably  been  present 
for  some  time.  The  illness  was  severe,  the  temperature  being  over  104°  F. 
There  was  no  pain  or  tenderness  in  the  abdomen;  its  walls  were  not  rigid. 
Her  physician  informed  me  that  signs  of  fluid  disappeared  a  few  days  later,  the 
patient  making  a  good  recovery. 
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Case  VI. — In  the  following  case  the  effusion  was  probably  due  to  tuberculous 
peritonitis.  A  man,  aged  twenty-three  years,  was  admitted  to  the  hospital  Sep- 
tember 24, 1907,  with  a  temperature  of  101.8°  F. ;  pulse,  SO.  He  was  employed 
washing  in  a  garage,  and  a  fellow  worker  occupied  the  next  bed,  having  taken  ill  at 
the  same  time.  The  symptoms  of  typhoid  fever  were  well  defined,  and  the  disease 
ran  rather  a  severe  course.  In  the  fourth  week  there  occurred  phlebitis  of  the 
left  saphenous  vein,  with  marked  chills,  temperature  rising  to  108.  4°  F.  after  the 
first  chill.  A  few  days  later  there  were  signs  of  some  exudate,  into,  first,  the  left, 
and  then  the  right  pleura.  Two  weeks  later,  and  seven  weeks  after  admission, 
there  were  well-defined  signs  of  peritoneal  effusion,  the  quantity  being  greater 
than  in  any  of  the  preceding  cases.  The  abdominal  wall  was  rather  rigid  and 
somewhat  tender  to  firm  pressure.  The  temperature  was  slightly,  but  irregularly, 
elevated,  and  the  leukoc}i:es,  which  had  been  below  5000,  rose  to  12,000.  A 
tuberculin  test  was  made;  there  was  no  reaction  to  0.5  mg.  (0.0005)  given 
subcutaneously,  but  2  mg.  (0.002)  caused  a  well-marked  reaction.  Later,  there 
was  marked  reaction  to  the  ophthalmotuberculin  test.  His  general  condition 
improved,  although  the  peritoneal  exudate  persisted.  He  left  the  hospital 
January  21,  1908,  in  good  condition,  but  with  a  considerable  quantity  of  fluid 
still  in  the  abdominal  cavity. 

In  at  least  four  of  these  six  cases  the  effusion  was,  so  far  as  can 
be  determined,  due  to  pathological  conditions  resulting  from  typhoid 
infection.  The  immediate  cause  of  the  effusion  is  uncertain.  It 
is  to  be  noted  that  the  disease  was  severe  and  attended  by  much 
prostration.  The  abdomen  was  very  relaxed  and  the  contents 
therefore  had  little  support,  so  that  the  vessels  would  easily  dilate, 
permitting  considerable  stasis,  or  at  least  marked  slowing  of  the 
current  of  blood,  thus  favoring  serous  exudation.  It  is  possible, 
also,  that  the  mesenteric  glands  were  greatly  enlarged,  causing 
slight  but  sufficient  irritation  of  the  peritoneum  to  excite  effusion. 

Toxemia  is  another  possible  cause  of  the  effusion.  In  hepatic 
cirrhosis  something  more  than  simply  the  obstruction  to  the  portal 
vessels  is  required  to  cause  ascites  This  may  be  a  toxic  substance 
which  affects  the  hepatic  cells  so  as  further  to  obstruct  the  portal 
circulation,  or  alters  the  peritoneal  epithelium  so  as  to  permit  a 
more  rapid  escape  of  serous  exudate  and  possibly  also  cause 
obstruction  of  the  peritoneal  lymphatic  vessels,  so  that  the  exudate 
is  less  readily  removed. 

It  is  probable  that  in  other  diseases  attended  by  prostration 
moderate  effusion  into  the  serous  cavities  may  be  more  frequent 
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than  is  suspected.  Recently  in  a  case  of  empyema  with  a  bronchial 
fistula,  there  were  signs  of  peritoneal  effusion  for  some  days  during 
a  period  of  marked  prostration  and  moderate  toxemia;  they  dis- 
appeared with  the  improvement  in  the  general  condition.  Even 
in  hepatic  disease  ascites  may  disappear  rapidly,  and  that,  too,  with- 
out improvement  in  the  patient's  general  condition.  Such  was  the 
case  in  a  woman  who  entered  the  hospital  last  winter  with  marked 
jaundice  and  ascites  of  recent  onset.  After  a  few  days  both  the 
jaundice  and  ascites  rapidly  diminished  and  disappeared,  although 
her  general  condition  was  growing  worse.  She  gradually  became 
comatose  and  died  a  few  days  later. 


A  REPORT  OF  TWO  CASES  OF  RELAPSING  FE^T:R/ 


By  JOHN  W.  HUNTER,  M.D.,  and  THOMAS  A.  COPE,  M.D., 

PHILADELPHIA. 

(From  the  William  Pepper  Laboratory  of  Clinical  Medicine,  University  of  Pennsylvania.) 


Relapsing  fever  is  such  a  rare  disease  in  this  country  that  the 
publication  of  two  isolated  cases  seems  justifiable.  The  patients 
who  came  under  our  observation  were  admitted  to  the  University 
Hospital  last  Fall  in  the  service  of  Dr.  James  Tyson,  to  whom  we 
are  indebted  for  the  privilege  of  making  this  report. 

The  earliest  authentic  reports  of  the  occurrence  of  relapsing  fever 
came  from  Ireland  and  Scotland  during  the  early  part  of  the 
eighteenth  century.  Subsequent  outbreaks  occurred  in  those 
countries  during  the  forties  and  sixties.  The  beginnmg  of  the 
nineteenth  century  found  a  coincidence  of  epidemics  in  Ireland  and 
Scotland,  and  in  1S47  and  1S4S  the  disease  made  its  appearance  in 
London,  Liverpool,  Manchester,  and  many  other  towns  of  England. 
Another  series  of  outbreaks  was  reported  in  Scotland  and  England 
from  1868  to  1873,  since  when  the  British  Isles  have  been  free  of  the 
disease  in  epidemic  form.' 

Its  presence  in  Russia  was  first  reported  from  Odessa  in  1833, 
from  which  time  outbreaks  have  occurred  throughout  that  country 
up  until  the  present.  Reitlinger  says  it  has  reached  as  far  North  as 
Archangel,  and  that  in  1874  St.  Petersburg  was  a  great  centre  for 
the  malady.  The  larger  cities  of  the  Muscovite  Empire  have  been 
visited  frequently.  According  to  Tictm,  Odessa  is  the  seat  of  an 
epidemic  every  fifteen  or  twenty  years.  It  appeared  in  Finland  in 
1865,  Siberia  in  1866,  and  Poland  in  1868.  • 

'  Read  by  invitation. 

2  Hirsch's  Handbook  of  Geographical  and  Historical  Pathology,  vol.  i. 
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Reports  of  the  disease  in  Germany  date  from  1847.  Widespread 
epidemics  occurred  in  North  and  East  Germany  from  1868  to  1873, 
and  again  in  1878  and  1879.  Outl)reaks  occurred  in  Bosnia  and 
Herzegovinia  in  1847,  1887,  1890,  and  1903. 

Few  cases  have  been  reported  from  Asia  Minor  and  the  North 
African  States,  while  in  Egypt  the  disease  has  been  quite  prevalent. 
East  and  West  Africa  are  cursed  with  that  form  knowTi  as  "tick 
fever." 

Relapsing  fever  is  epidemic  in  India,  and  numerous  epidemics 
have  been  reported  from  China. 

The  disease  was  first  introduced  to  the  Western  Hemisphere  in 
1844  by  Irish  immigrants  who  landed  at  Philadelphia.  Under  like 
circumstances,  it  was  imported  into  New  York  in  1847.  Flint  dis- 
covered fifteen  cases  in  Buffalo  in  1850.  It  was  epidemic  in  New 
York  and  Philadelphia  during  1869,  and  from  the  latter  place  spread 
slightly  through  Pennsylvania  during  the  two  following  years. 
An  extensive  study  of  the  disease  based  on  this  epidemic  was  made 
by  Pepper  and  Rhoads.  California  was  afflicted  with  an  epidemic 
among  the  Chinese  in  1874. 

In  South  America  the  disease  first  appeared  in  Peru  in  1854,  and 
spread  to  Chili  and  Bolivia  m  1856.  A  few  cases  have  been  reported 
from  Cuba,  Mexico,  and  Panama  in  recent  years. 

Griesinger,  in  1853,  was  the  first  to  call  attention  to  the  relation- 
ship of  relapsing  fever  to  bilious  typhoid,  a  clinical  entity  which  was 
observed  and  described  in  many  of  the  above-cited  epidemics.  He 
looked  upon  them  as  modifications  of  the  same  morbid  process. 
After  the  discovery  of  the  causal  agent  by  Obermeier,  in  1873, 
Moschutkowsky,  by  inoculation  experiments,  proved  the  com- 
municability  of  the  ({i.-^ease,  and  likewise  the  identity  of  bilious 
typhoid  and  relapsing  fever. 

Case  I. — J.  Y.,  aged  twenty-three  years,  white,  and  a  native  of  Turkey,  was 
admitted  to  the  hospital  September  23,  1907. 

Chief  Complaints.     Headache  and  general  malaise. 

Personal  History.  Patient  was  born  in  Turkey,  and  went  to  a  native  school 
for  seven  years,  after  which  he  spent  two  years  in  St.  Paul's  College,  working  as 
a  carpenter  for  his  tuition.  He  came  to  this  country  from  France  on  September 
18,  1907;  he  had  been  in  France  about  one  month,  going  there  from  Turkey. 
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Smokes  moderately,  but  does  not  use  alcohol;  denies  hanng  had  any  venereal 
disease. 

Family  Historij.  Father  and  mother  are  living  in  Turkey;  five  sisters  and 
one  brother  li\'ing,  and  well.  Xo  liistory  of  renal,  tuberculous,  malignant,  or 
cardiac  disease. 

Previous  Medical  History.  Patient  does  not  remember  having  had  any  of 
the  diseases  of  childhood.  He  states  that  in  recent  years  he  has  had  several 
attacks  of  fever,  accompanied  by  headaches.  These  attacks  resembled  his 
present  illness.  They  usually  occurred  in  the  late  summer  and  lasted  anwhere 
from  a  few  days  to  two  weeks.  During  the  attacks  the  abdomen  became  hard, 
there  were  severe  headaches  and  general  malaise,  and  the  bowels,  as  a  rule, 
were  loose.  Patient  has  had  no  illness  for  the  past  two  years,  except  a  slight 
rise  of  temperature  while  on  the  steamer  coming  from  France. 

History  of  Present  Illness.  The  onset  occurred  during  the  afternoon  of  Sep- 
tember 20,  when  patient  was  taken  with  severe  headache  and  felt  very  tired. 
He  went  to  bed,  and  toward  the  evening  became  feverish,  and  at  times  very 
dizzy.  He  took  a  cathartic,  and  in  consequence  his  bowels  were  loose  all  of 
Saturday,  preWous  to  which  time  they  had  been  regular.  He  was  confined  to 
bed  all  that  day,  and  continued  to  suffer  with  headache  and  general  malaise. 
He  states  that  his  head  felt  very  heavy  and  that  he  was  very  weak.  All  of 
yesterday  the  symptoms  continued.  There  was  no  nose-bleed,  no  abdominal 
pain,  no  nausea. 

Physical  Examination.  Patient  is  a  fairly  well  nourished  male,  with  fair 
muscular  and  bony  development.  There  is  no  jaundice,  cyanosis,  or  edema; 
no  pallor  of  the  visible  mucous  membranes.  The  skin  has  a  bronze  hue.  The 
pupils  are  equal,  and  react  to  light  and  accommodation.  The  tongue  is  coated 
with  a  whitish  fur;  the  breath  is  foul;  the  teeth  are  in  fair  condition.  There 
are  \isible  pulsations  in  the  neck.  The  chest  is  fairly  well  developed,  and 
expansion  on  both  sides  is  equal.  There  are  no  abnormal  prominences.  Tactile 
fremitus  is  about  the  same  throughout;  percussion  gives  a  clear  resonant  note 
all  over  the  chest,  and  there  is  a  normal  vesicular  murmur  on  auscultation. 
The  pulse  is  soft  and  remarkably  dicrotic.  The  cardiac  dulness  extends  from 
the  third  rib  to  the  right  border  of  the  sternum  to  the  mid-clavicular  line.  The 
apex  beat  is  not  palpable;  the  heart  sounds  are  weak  and  distant;  a  faint  systolic 
murmur  is  heard  at  the  apex,  and  is  not  transmitted.  The  liver  dulness  extends 
from  the  upper  border  of  the  sixth  rib  to  the  costal  margin;  the  splenic  dulness 
extends  from  the  eighth  to  the  twelfth  rib,  between  the  anterior  and  posterior 
auxiliary  lines.  The  spleen  is  not  palpable.  The  abdomen  is  negative.  The 
extremities  are  negative. 

Urine  analysis  revealed  a  trace  of  albumin,  numerous  light  and  dark  granular 
casts,  mucus,  and  leukocytes. 

Blood  Count.  Hemoglobin,  47  per  cent.;  erythrocytes,  3,550,000;  leuko- 
cytes, 4700.  The  Widal  reaction  was  negative.  Examination  for  malarial 
parasites  was  negative.  Blood  smears  stained  by  Wright's  method  revealed 
Am  Phys  5 


66  HUNTER,  cope:  relapsing  fever 

the  presence  of  the  spirochete  of  Obermeier  in  small  numbers.  The  spirochetse 
were  found  at  3  p.m.  of  September  24;  at  4.30  p.m.  numerous  preparations  of  the 
patient's  blood  were  made,  but  examination  of  these  failed  to  discover  any 
spirochetal. 

The  patient's  temperature  at  3  p.m.  was  105.2°;  at  6  p.m.  it  was  103.2°. 
At  this  time  the  patient  was  tubbed,  and  at  6.30  p.m.  his  temperature  was 
99.3°;  at  9  p.m.  it  was  normal,  and  at  12  midnight  it  had  dropped  to  95°. 
The  following  day,  September  25,  the  patient  felt  quite  comfortable.  The 
systolic  murmur  which  was  heard  during  the  height  of  the  fever  had  disap- 
peared.    The  spleen  remained  about  the  same  size. 

On  October  4,  or  ten  days  after  his  crisis,  he  felt  more  tired  than  usual,  but 
otherwise  was  quite  normal.  There  was  no  elevation  of  temperature,  and 
examination  of  the  blood  proved  negative.  For  nineteen  days  after  his  crisis 
he  ran  a  subnoi-mal  temperature.  In  all  other  respects  his  convalescence  was 
unnoteworthy,  and  he  was  discharged  cured  on  October  19. 

Case  II. — J.  INI.,  aged  twenty-two  years,  white,  and  a  native  of  Armenia, 
was  admitted  to  the  hospital  on  October  2,  1907. 

Chief  Complaints.     Headache,  general  abdominal  pain  and  malaise. 

Social  History.  Patient  was  born  in  Turkey,  and  went  to  a  native  school 
until  he  was  sixteen  years  of  age,  when  he  entered  St.  Paul's  College  and  worked 
as  a  tailor  for  his  tuition.  He  came  to  this  country  about  fourteen  months  ago, 
and  has  been  working  at  his  trade  ever  since;  does  not  use  alcohol  or  tobacco; 
denies  any  venereal  history. 

Family  History.  Father  and  mother  have  lived  in  this  country  for  about  one 
year;  they  are  in  good  health;  two  brothers  and  one  sister  are  living  and  well, 
No  history  of  tuberculous,  cardiac,  or  renal  disease. 

Previous  Medical  History.  Patient  states  that  he  had  several  diseases  during 
childhood,  but  cannot  recall  any  of  them  by  name.  He  has  always  enjoyed 
fairly  good  health.  Four  years  ago  he  had  an  attack  of  fever,  which  lasted  for 
five  weeks;  this  was  accompanied  by  a  spotted  rash.  Since  then  his  health  has 
been  good. 

History  of  Present  Illness.  On  the  arrival  of  J.  Y.  (Case  I)  in  this  country, 
September  18,  1907,  he  went  to  live  with  this  patient,  and  slept  with  him  from 
September  18  until  his  admission  to  the  hospital  on  the  twenty-third  day  of  that 
month.  On  September  20  Case  I  was  taken  with  his  attack  of  fever,  and  Case  II 
slept  with  him  three  nights  after  the  onset  of  the  disease.  This  patient's  illness 
started  rather  suddenly  on  September  30,  or  ten  days  after  first  exposure.  The 
attack  was  ushered  in  with  a  chill,  after  which  the  patient  went  to  bed.  He 
had  no  pain,  but  a  general  feeling  of  discomfort  and  more  or  less  chilliness.  On 
the  following  day  he  had  quite  a  little  general  abdominal  pain,  accompanied  by 
fever  and  rather  severe  headache.  His  bowels  were  constipated,  and  he  was 
ordered  a  cathartic,  which  acted  favorably  the  next  day.  On  October  2  the 
headache  and  fever  continued,  and,  in  addition,  he  had  severe  attacks  of  abdom- 
inal pain.     There  were  no  prodromal  symptoms  of  typhoid. 
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Phyffical  Exammafion.  Patient  is  a  fairly  well  nourished  male,  with  fair 
bony  and  muscular  development;  no  edema,  cyanosis,  or  jaundice.  The  skin 
is  of  a  dark  hue,  with  slight  cutaneous  eruptions  at  different  parts  of  the  body. 
There  is  no  enlargement  of  the  superficial  lymphatics.  The  pupils  are  equal  and 
react  to  light  and  accommodation.  The  tongue  is  coated  with  a  whitish  fur,  the 
breath  rather  foul,  and  the  teeth  in  good  condition.  There  is  visible  pulsation 
in  the  vessels  of  the  neck.  The  chest  is  fairly  well  developed.  Respirations 
are  somewhat  rapid  and  shallow,  and  expansion  on  both  sides  is  equal.  Per- 
cussion gives  a  clear  note  posteriorly  and  anteriorly  on  the  right  side;  on  the 
left  side  resonance  is  slightly  impaired  from  the  clavicle  to  the  fourth  rib,  over 
which  area  the  breath  sounds  are  somewhat  harsh  and  prolonged,  although 
there  is  harsh  breathing,  especially  anteriorly,  throughout  both  lungs.  Tactile 
fremitus  is  about  the  same  throughout.  A  few  fine  moist  rales  can  be  heard 
scattered  over  both  sides.  The  cardiac  dulness  extends  from  the  third  rib  to 
the  mid-sternal  line,  to  the  mid-clavicular  line.  At  each  heart-beat  a  pre- 
cordial wave  can  be  seen.  The  apex  is  visible  and  palpable  in  the  fifth  inter- 
space just  within  the  mid-clavicular  line.  The  heart  sounds  are  rapid  but 
strong.  There  is  no  murmur.  The  second  pulmonic  sound  is  accentuated. 
The  pulse  is  poor  and  markedly  dicrotic.  The  liver  dulness  extends  from  the 
lower  border  of  the  fifth  rib  to  the  costal  margin.  The  spleen  is  enlarged  to 
percussion,  but  is  not  distinctly  palpable.  On  admission  yesterday,  however, 
the  spleen  was  palpable.  The  abdomen  is  slightly  t}anpanitic;  otherwise,  it 
is  negative.     The  extremities  are  negative. 

Blood  Count.  Hemoglobin,  85  per  cent.;  erythrocytes,  5,820,000;  leukocytes, 
15,600;  Widal  reaction  was  negative;  preparations  of  the  blood  stained  by 
Wright's  method  revealed  the  presence  of  the  spirochete  of  Obermeier  in  mod- 
erate numbers. 

Urine  Analysis.  This  showed  a  trace  of  albumin,  some  mucus,  leukocytes, 
and  epithelial  cells,  but  no  casts. 

The  temperature  ranged  from  101°  to  105°,  with  a  proportionate  pulse  rate 
and  a  disproportionately  rapid  respiration  rate,  until  October  6,  which  was 
seven  days  after  the  onset.  On  this  day  the  temperature  began  to  fall  rapidly 
at  6  P.M.,  and  at  midnight  had  reached  97°.  Patient  did  not  feel  greatly  im- 
proved in  spite  of  this  drop  in  the  temperature.  He  vomited  once,  and  nausea 
was  noted  throughout  the  evening.  The  skin  was  quite  moist.  From  October 
6  until  October  13  the  patient  gained  rapidly,  and  on  October  12,  except  for  a 
little  weakness  which  was  rapidly  disappearing,  he  felt  entirely  normal.  His 
appetite  was  good.  On  this  date  the  spleen  was  definitely  palpable.  On 
October  13  his  temperature  rose  from  98°  at  noon  until  it  reached  103°  at  9  p.m. 
This  temperature  rise  was  accompanied  by  malaise,  and  the  patient  went  to  bed. 
The  face  and  conjunctivae  were  quite  flushed;  the  tongue  was  coated,  the  skin 
hot  and  dry,  and  the  spleen  rapidly  increased  in  size  until  it  reached  one-third 
the  distance  from  the  costal  margin  to  the  umbilicus;  his  subjective  symptoms, 
however,  were  much  less  than  his  high  temperature  would  lead  one  to  expect. 
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No  backache  or  headache  were  complained  of.  The  heart  sounds  were  rapid 
but  clear.  The  abdomen  was  tym])anitic.  Calomel  was  prescribed.  Careful 
examination  of  the  blood  for  spirochetfe  failed  to  discover  them.  The  tempera- 
ture ranged  between  100°  and  104.6°,  with  a  proportionate  pulse  and  a  dispro- 
portionately rapid  respiration  rate,  from  October  13  until  October  16,  when  it 
fell  by  rapid  crisis  from  104.6°  at  12  noon  to  normal  at  6  p.m.,  and  to  95°  at 
three  o'clock  the  following  morning.  There  was  a  concomitant  but  not  propor- 
tionate drop  in  the  pulse  and  respiration.  On  the  following  day,  October  17, 
the  spleen  had  markedly  decreased  in  size.  Examination  of  the  blood  proved 
the  presence  of  spirochetse,  but  in  rather  scant  numbers,  on  October  14,  15,  and 
16,  the  three  days  of  the  attack.  From  the  date  of  his  crisis,  October  16,  until 
the  date  of  his  discharge,  October  27,  the  patient  went  through  an  unnoteworthy 
convalescence. 

Kolle  and  Wasserman  give  the  incubation  period  of  relapsing 
fever  as  seven  days.  In  the  first  case,  it  was  quite  impossible  to 
judge  of  the  length  of  the  incubation  period,  but  the  second  case, 
having  slept  with  the  first  case  while  in  fever  on  the  nights  of  Sep- 
tember 20,  21,  and  22,  and  having  developed  the  disease  suddenly 
on  September  30,  shows  quite  clearly  that  here  the  mcubation 
period  was  confined  to  an  interval  of  from  seven  to  ten  days  in 
length. 

Oks  averaged  the  statistics  of  twelve  observers,  and  found  that 
one  febrile  period  occurs  in  37.7  per  cent,  of  the  cases,  two  febrile 
attacks  occur  in  54.3  per  cent.,  and  three  in  14.2  per  cent.  Our  first 
case  had  no  re'apse,  and  our  second  case  had  but  one 

Accordmg  to  INIeschede,  the  average  length  of  the  febrile  and 
afebrile  periods,  from  observation  of  360  cases,  was  as  follows: 

I.  II.  III.  IV.  V. 

Febrile 7—6  5—4  4—3  3—1  1—0 

Afebrile        ....     7—8  9—10  11—12 

The  only  febrile  period  in  our  first  case  lasted  five  days.  In  the 
second  case  the  first  febrile  period  had  a  duration  of  seven  days  in 
length,  and  the  second  febrile  period  was  three  days  in  duration. 
^Nloczutkowski^  states  that  the  maximum  duration  of  the  apyretic 
periods  is  twelve  days,  and  that  if,  after  a  period  of  this  duration  has 
passed,  there  occurs  another  febrile  attack,  it  should  be  attributed 
t3  re- infect  ion. 

1  Kolle  and  Wasserman,  Band  iii. 
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The  first  case  ran  a  subnormal  temperature  for  nineteen  days 
after  its  crisis;  the  second  case,  during  the  afebrile  interval,  ran  a 
slightly  subnormal  temperature;  and  for  sixteen  days  after  his 
second  crisis  the  temperature  was  markedly  subnormal. 

Heydenreich  and  Ouskow^  state  that  there  is  a  considerable 
leukocytosis  during  the  febrile  periods.  Brown,^  on  the  other  hand, 
noted  a  slight  leukocytosis  during  the  afebrile  periods  and  a  drop  to 
normal  during  the  febrile  periods.  Our  first  case  showed  a  normal 
leukocyte  count  just  before  the  crisis.  The  second  case  showed  a 
leukocytosis  of  15,000  on  the  fourth  day  of  his  first  febrile  period. 

Unfortunately,  a  case  of  smallpox  developed  in  the  ward  where 
these  patients  were  confined  on  October  5.  The  ward  was  strictly 
quarantined,  and  our  observation  of  the  cases  was  thereby  greatly 
handicapped. 

Enlargement  of  the  spleen  is  usual  during  febrile  periods,  with  a 
diminution  toward  normal  during  afebrile  periods,  and  a  gradual 
decrease  after  convalescence  sets  in  to  normal.  In  the  first  case 
there  was  no  palpable  enlargement  of  the  spleen,  while  in  the  second 
case,  during  the  first  febrile  period,  although  the  spleen  was  large, 
it  was  definitely  palpable  only  at  times;  but  during  the  afebrile 
period,  six  days  after  his  crisis,  the  spleen  could  be  readily  felt. 
At  the  onset  of  the  relapse,  the  spleen  rapidly  increased  in  size 
until  it  had  reached  one-third  the  distance  from  the  costal  margin 
to  the  umbilicus,  and  on  the  day  after  the  second  crisis  the  spleen 
showed  rapid  decrease  in  size. 

At  present,  the  principal  distribution  of  the  disease  is  East  and 
West  Africa,  Europe,  and  India.  Dutton  and  Todd  considered  the 
European  and  African  fevers  to  be  identical,  and  this  view  was  more 
or  less  shared  by  Koch,  who,  however,  recognized  minor  differences. 
On  the  other  hand,  Novy  and  Knapp,  accordmg  to  the  morphology 
of  the  spirochetse,  and  through  differences  in  animal  reactions, 
differentiate  the  African  variety  from  the  European,  and  both  of 
these  from  the  Indian  variety  described  by  Turnbull,  Walker, 
Powell,  and  others.  These  different  forms  they  look  upon  as  con- 
stituting a  group  of  recurrent  fevers.      Some  writers  recognize  a 

'  Kolle  and  Wasserman,  Band  iii. 
'  Presbyterian  Hospital  Reports,  1906. 
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fourth  variety,  tlie  American,  to  the  cause  of  which  Schellack^  gives 
the  name  spirochete  Novyi. 

There  has  been  considerable  argument  as  to  what  place  in  Nature 
the  spirochetse  occupy.  Schaudinn,  Prowazek,  Keysellitz,  Herx- 
heimer  and  others  regard  them  as  l)elonging  to  the  protozoa,  and 
nearly  related  to  the  trypanosoma.  Koch,  Borrel,  Laveran,  Zettnow, 
Novy  and  Knapp,  Norris,  Pappenheimer  and  Flournoy,  Thesing, 
and  many  others  look  upon  them  as  true  bacteria,  and  in  no  way 
related  to  the  trypanosomes.  Kolle  and  Hetsch  place  them  as  a 
special  class  of  microorganisms  standing  mifhvay  between  the  bac- 
teria and  the  protozoa. 

The  arguments  for  and  against  their  animal  or  vegetable  char- 
acter have  been  based  on  the  following  attributes:  first,  presence  or 
absence  of  a  nucleus,  micronucleus  (centrosome,  or  blepharoblast), 
and  undulating  membrane;  second,  the  character  and  distribution 
of  cilia;  third,  their  behavior  in  the  presence  of  certain  chemical 
substances — and  here  might  be  included  the  phenomenon  of  plasmo- 
lysis;  fourth,  their  artificial  cultivation;  and  fifth,  the  means  of 
their  transmission.  Nearly  all  of  the  evidence  today  seems  to  be  in 
favor  of  their  belonging  to  the  Bacteria,  and  from  our  limited  obser- 
vation this  is  the  view  we  are  inclitied  to  take.  In  our  specimens 
we  could  not  make  out  any  cell  structure  whatever,  such  as  nucleus, 
micronucleus,  or  undulating  membrane. 

Madimiroff"  describes  the  spirochete  of  Obermeier  as  a  fine, 
spirally  wound  tliread,  somewhat  pointed  at  the  ends,  whose  greatest 
thickness  is  about  1  ,«,  and  whose  length  varies  from  10  to  20  to 
40  /I,  and  even  more.  The  number  of  spiral  turns  is  variable 
(6  to  20),  and  in  general  is  more  or  less  proportional  to  the  length  of 
the  individual.  The  radii  of  the  spirals  vary  so  widely  that  it  is 
hardly  possible  to  give  an  average  length  for  the  same.  Norris^ 
says  the  spirochetse  in  his  case  varied  considerably  in  length  and  in 
the  number  of  spiral  turns.  Numerous  transitions  existed  in  the 
closeness  of  these  turns.  Many  of  the  longer  forms  showed  an 
attenuated  or  unstained  portion  in  the  centre,  suggesting  fragmenta- 
tion or  fission.     The  spirochetae  from  our  cases  did  not  vary  greatly 

'  Arb.  a.  d.  k.  Gesundtsamte,  xxvii,  No.  2.  '  Kolle  and  Wasserman,  Band  iii. 
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in  length  or  in  the  number  of  turns.  IMost  of  those  we  observed 
were  about  20  to  30  ix  in  length,  and  showed  from  seven  to  ten 
spiral  turns.  Long  forms  were  seen,  and  at  times  in  these  could  be 
made  out  the  unstained  breaks  referred  to  by  Xorris,  which  truly 
suggested  transverse  division  of  the  cell. 

The  moA  ements  of  the  spirochetee  are  of  three  distinct  kinds :  The 
first,  and  perhaps  the  most  important,  is  a  rapid  revolution  around 
the  long  axis  of  the  organism,  first  in  one  direction  and  then  in  the 
other ;  this  might  be  compared  to  the  motion  of  a  corkscrew.  The 
second  variety  of  movement  is  a  fore-and-aft  shooting  motion, 
whereby  the  organism  darts  ahead  and  as  rapidly  back.  The  third 
form  observed  is  a  slightly  bending,  or  waving  motion.  It  might 
verv  well  be  that  the  darting  "fore  and  aft"  shown  bv  the  organism 
when  moving  fairly  rapidly  is  due  to  a  driving  effect  of  the  screw- 
like motion  around  the  long  axis. 

In  fresh  preparations  of  the  blood  from  our  two  cases  their  move- 
ments were  so  rapid  that  no  sign  of  the  spirochetse  could  be  seen, 
and  it  was  only  after  they  had  quieted  do^^Tl  at  the  end  of  twenty- 
four  to  thirty-six  hours  that  the  organisms  could  be  observed  at  all. 
We  succeeded  in  slowing  their  movements  by  placing  the  preparation 
on  ice  for  about  half  an  hour.  In  addition  to  those  already  noted, 
we  could  see  running  over  the  parasite  a  wave  that  suggested  the 
movements  of  numerous  cilia.  When  the  organism  had  quieted 
down  considerably,  so  that  the  revolutions  around  its  long  axis  were 
quite  slow,  there  was  no  "fore-and-aft"  motion  or  darting  to  be 
observed. 

Novy  and  Knapp  noted  a  more  or  less  continuous  change  of  place 
in  the  movements  of  the  spirochetse  they  studied.  Koch,  on  the 
other  hand,  thought  that  this  change  of  place  did  not  occur,  but  that 
the  organisms  occupied  approximately  the  same  field  for  quite  a 
time.  From  our  observations,  we  must  agree  with  both  of  these 
observers,  for  while  it  is  quite  true  that  the  organism  remains 
in  approximately  the  same  field  for  a  longer  or  shorter  period  of 
time;  yet,  on  the  other  hand,  it  is  true  that  it  does  move  from  one 
field   to   another. 

Zettnow,^  in  the  spirochete  Duttoni,  was  able,  through  a  special 

1  Kolle  and  Wassennan,  Band  iii. 
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staining  method,  to  demonstrate  numerous  cilia  and  flagella  on  the 
sides  and  ends  of  the  organism.  Fraenkel,*  using  the  same  staining 
procedure,  showed  their  presence  on  the  organism  of  American 
recurrent  fever.  Novy  and  Knapp  speak  of  an  end  ciHum,  or 
flageUum,  on  the  variety  which  they  studied.  In  the  organisms  we 
observed,  at  times  we  could  make  out  what  we  thought  to  be  a  short, 
thick  cilium  at  either  end  of  the  individual.  This  cilium  was  brought 
out  by  Wright's  method  of  staining,  but  not  at  all  distinctly.  Other- 
wise, in  the  stained  preparations,  no  cilia  were  seen. 

Norris  succeeded  in  cultivating  the  spirochetse  on  fresh  blood  to 
which  sodium  citrate  had  been  added.  They  grew  in  the  first 
transplant  slightly,  but  not  in  the  second.  Levaditi  obtained 
successful  cultures  of  the  organism  by  inoculating  collodion  sacs 
filled  with  2  c.c.  of  monkey  serum  heated  to  70°,  and  placing  the 
sealed  sac  in  the  peritoneal  cavity  of  a  rabbit.  He  carried  through 
eight  transplants  hi  thirty-six  days.  If  these  same  sacs  were  put 
into  the  peritoneal  cavity  of  a  rat  degeneration  forms  of  the  organism 
appeared.^  Novy  and  Knapp  have  been  able  to  keep  the  organism 
alive  and  growing  in  their  laboratories  for  over  a  year.  Their 
method  was  a  modification  of  Levaditi's  idea.  They  inoculated 
collodion  sacs  filled  with  2  or  3  c.c.  of  defibrinated  rat's  blood, 
and,  after  sealing,  placed  the  sac  in  the  peritoneal  cavity  of  a  white 
rat.  The  organisms  in  this  method  retained  their  form  and  multi- 
plied very  considerably.  Transplants  are  made  from  one  sac  to 
another  every  three  or  four  days. 

We  endeavored  to  cultivate  the  organism  by  ordinary  methods, 
including  aerobic  and  anaerobic,  and  also  by  the  method  of  Novy 
and  Knapp.  None  of  our  efforts,  however,  were  successful.  During 
two  trials  with  the  Novy-Knapp  method  we  found  at  the  end  of 
three  days  that  the  sacs  showed  the  presence  of  an  extremely  varied 
flora,  evidently  due  to  a  slip  somewhere  in  our  technique.  Some 
forms  of  spirilla  were  observed,  but  these  organisms  were  all  short 
and  did  not  show  more  than  two,  or  possibly  three,  spiral  turns. 

The  staining  methods  made  use  of  by  us  were  Wright's  and 
carbol  fuchsin.  TL'he  former  method  brought  out  the  organism 
clearly,  but  revealed  no  particular  internal  structure. 

■  Hygienische  Rundschau,  vol.  xvii,  No.  5.  ^  KoIIe  and  Wasserman,  Band  iv. 
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It  is  now  definitely  established  that  the  tick  ornithodorus  moubata 
carries  the  infection  of  African  relapsing  fever.  Koch  found  on 
his  expedition  to  Africa  that  if  Europeans  avoided  the  caravan 
routes  where  the  infected  ticks  abound,  they  would  escape  the 
disease. 

The  mode  of  transmission  of  the  spirochete  of  Obermeier  so  far 
remains  a  problem,  but  in  this  connection  it  is  interesting  to  note 
the  work  of  Tictin^  and  Karlinski;^  the  former  found  that  after  bed- 
bugs had  sucked  relapsing  fever  blood,  if  within  forty-eight  hours 
they  were  crushed  and  the  obtained  blood  injected  into  monkeys, 
the  latter  were  infected  with  the  disease;  but  after  forty-eight  hours 
the  results  were  negative,  and  at  this  time  the  spirochetse  had  lost  their 
motility.  Karlinski  found  that  the  spirochetse  resisted  the  action  of 
the  digestive  juices  of  the  bedbug  and  still  infected  the  insect  thirty 
days  after  it  had  sucked  the  blood  of  a  relapsing  fever  patient.  We 
endeavored  to  carry  out  some  experiments  with  bedbugs,  but  the 
scruples  of  the  hospital  authorities  would  not  give  this  wingless  pest 
a  chance. 

^Monkeys,  white  mice,  rats,  and  guinea-pigs  are  susceptible  to 
infection  with  both  spirochete  Duttoni  and  spirochete  Obermeieri. 
Rabbits,  dogs,  and  ponies  have  been  infected  with  the  African 
variety.  Fraenkel  was  able  to  infect  three  starved  mice  with  spiro- 
chete Duttoni  bv  feeding  to  them  the  cadaver  of  an  mfected  mouse. 
We  succeeded  in  transferring  the  infection  from  the  second  case  to 
white  rats  during  both  the  initial  attack  and  the  relapse. 

Undoubted  cases  have  been  reported  where  the  mother  has  trans- 
mitted the  Obermeier  spirochete  to  the  fetus  through  the  placenta. 

The  organisms  appear  in  the  blood  usually  with  the  onset  of  the 
fever.  Some  authorities  have  noted  their  first  appearance  in  the 
circulation  as  long  as  three  days  after  the  initial  rise  of  temperature, 
while  others  have  discovered  them  some  hours  before  the  paroxysm. 
They  are  found  in  the  circulating  blood  and  in  the  spleen  during 
the  febrile  periods,  but  as  yet  it  is  a  question  what  becomes  of  them 
during  the  afebrile  intervals.  As  a  rule,  they  disappear  shortly 
before  the  crisis,  but  many  observers  have  found  them  at  varying 

»  Jour.  Trop.  Med.,  vol.  v.  2  Zentralbl.  f.  Bakt.,  1902. 


74  HUNTER,  cope:  relapsixNG  fever 

times  up  until  three  days  afterward.  Naunyn  related  a  case  in 
which  the  organisms  became  very  sparse  after  the  crisis,  but  had  not 
entirely  disappeared  fourteen  days  thereafter. 

In  our  first  case  the  diagnosis  of  the  disease  was  made  through 
examination  of  a  stained  blood  specimen  at  3  p.m.  At  4.30  p.m. 
numerous  blood  preparations,  both  stained  and  fresh,  were  made, 
but  persistent  anc^  careful  examination  failed  to  discover  any  or- 
ganisms. The  hour  of  3.30  marked  the  beginning  of  the  crisis  in 
this  case,  and  nine  o'cock  that  evening  found  the  patient's  tempera- 
ture normal.  In  the  second  case  the  organisms  disappeared  with 
be  th  the  first  and  second  crises,  and  were  not  to  be  found  during  the 
afebrile  periods.  In  this  case,  a  short  time  after  the  onset  of  the 
relapse,  examination  of  the  blood  for  spirochetse  proved  negative, 
but  was  positive  on  the  following  morning. 

Spirochetse  live  for  variable  lengths  of  time  outside  of  the  organisms. 
If  the  blood  be  taken  during  the  early  part  of  the  initial  attack,  the 
parasites  will  live,  and  be  actively  motile  for  a  long  period.  In  our 
second  case  they  were  quite  active  after  seventy-two  hours  in  an 
ordinary  sealed  wet  preparation  at  room  temperature.  Toward  the 
end  of  the  febrile  period  it  will  be  found  that  the  organisms  soon  lose 
their  motility  and  die  quite  rapidly.  This  would  seem  to  speak  for 
the  formation  of  antibodies  m  the  serum. 

Koch,^  as  well  as  Dutton  and  Todd,  concluded  from  their  obser- 
vations that  an  attack  of  tick  fever  conferred  immunity.  Natives 
of  tick-infected  districts  are  not  susceptible  to  the  disease,  whereas 
Europeans  are.  That  this  is  not  a  natural  race  immunity  is  proved 
by  the  fact  that  natives  who  live  at  some  distance  from  the  infected 
caravan  routes  when  first  exposed  are  just  as  susceptible  as  Euro- 
peans. Koch^  and  Kudicke,  through  experiments  with  the  African 
spirochete,  showed  that  this  acquired  immunity  occurs  in  monkeys. 
Norris  and  Novy  demonstrated  its  occurrence  in  rats  infected  with 
spirochete  Obermeieri,  and  Breinl,^  working  with  both  the  African 
and  European  forms  in  monkeys  and  rats,  observed  that  infection 
with  one  form  did  not  confer  immunity  for  the  other.  This  fact  he 
interpreted  as  strongly  favoring  their  distinction. 

1  Deut.  med.  Woch.,  1905.  2  Berlin,  klin.  Woch.,  1906. 

3  Lancet,  1906. 
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Gabritchewskv/  in  an  interesting  series  of  experiments,  was  able 
to  confer  immunity  to  mice  through  vaccination.  He  found  that 
vaccination  with  a  species  of  spirochete  found  in  the  chicken  would 
not  confer  immunity  to  infection  with  spirochete  Obermeieri.  He 
demonstrated  that  the  injection  of  antispirochete  horse  serum  con- 
ferred immunity  to  infection  for  at  least  twenty-four  hours.  How 
much  longer  such  immunity  lasted  was  not  determined. 

The  immune  serum  of  rats  has  been  proved  to  possess  bactericidal 
and  agglutinating  properties  by  both  Xorris^  and  Xovy^  and  their 
co-workers.  These  properties  have  been  demonstrated  in  human 
serum  by  Karlinski,*  and  Hoedlmoser,''  and  the  latter  endeavored 
to  make  use  of  them  in  diagnosis.  These  bactericidal  and  agglu- 
tinating powers  fade  after  four  to  six  months. 

Now  and  Knapp^  have  noted  a  pronounced  curative  action  on 
the  part  of  immune  blood  in  white  rats.  If  a  rat  whose  blood  shows 
the  presence  of  numerous  spirochete  to  the  field  he  injected  with 
2  c.c.  of  immune  blood,  the  spirochetse  disappear  entirely  within  an 
hour. 

Gabritchewski^  injected  patients  with  40  to  60  c.c.  of  serum  from 
an  immunized  mule,  and  found  that  the  number,  duration,  and 
severity  of  the  febrile  attacks  were  beneficently  influenced. 

1  Centralbl.  f.  Bakt.,  etc.,  vol.  xxxviii.  -Journal  of  Infectious  Diseases,  vol.  iii. 

3  Heilkunde,  190.5.  ■"  Ibid. 

'  Wien.  med.  Woeh.,  1904.  ^  Science,  vol.  xxiii. 

^Zeitsch.  f.  klin.  Med..  Band  Ivi. 


AN  ANALYSIS  OF  400  CASES  OF  EPIDEMIC  IVIENINGITIS 

TREATED  WITH  THE  ANTBIENINGITIS 

SERUM. 

By  SDIOX  FLEXXER,  M.D.,  axd  JAMES  W.  JOBLIXG,'  M.D., 

NEW    YORK. 

(From  the  Rockefeller  Institute  for  Medical  Research,  New  York.) 


We  have  already  reported  concerning  the  effects  of  the  employ- 
ment of  an  antimeningitis  serum,  prepared  in  the  horse  by  inocu- 
lation of  Diplococciis  intracellularis  and  its  products,  upon  the 
course  and  termination  of  a  small  number  of  cases  of  epidemic 
meningitis.^  The  results  first  presented  were,  on  the  whole,  so  satis- 
factory that  we  believed  the  employment  of  the  serum  on  wider  scale 
not  only  justified  but  clearly  called  for;  and  we  are  now  in  position 
to  present  a  second  series  of  figures  which  are  based  upon  an  analysis 
of  about  400  cases  of  epidemic  meningitis  in  which  the  serum  has 
been  used. 

The  cases  of  meningitis  upon  which  this  analysis  rests  have  arisen 
in  different  and  widely  separated  parts  of  the  United  States  and 
Canada,  and  in  Great  Britain.  They  have  occurred  sometimes  as 
small  epidemics,  as  in  Castalia  and  Akron,  Ohio,  in  Porterville, 
California,  and,  possibly,  in  other  places  in  the  United  States,  and  in 
Belfast,  Ireland,  and  Edinburgh,  Scotland;  and  sometimes  as 
sporadic  outbreaks  of  considerable  extent,  as  in  Cleveland,  Boston, 
Baltimore,  Cincinnati,  and  Philadelphia.  Moreover,  it  is  now 
evident  that  so-called  epidemic  menmgitis  is  widely  prevalent 
throughout  the  United  States,  and  it  would  appear  to  be  questionable 
whether  any  parts  are  really  free  from  the  disease.     In  view  of  the 

*  Not  a  member. 

2  Journal  of  Experimental  Medicine,  1908,  x,  No.  1.  Independent  publications  have  been 
made  by  Robb,  British  Medical  Journal,  February  15,  1908;  by  Dunn,  Boston  Medical  and 
Surgical  Journal,  March  19,  1908;  and  by  Chase  and  Hunt,  Archives  of  Clinical  Medicine, 
April,  1908. 
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fact  that  we  have  demanded  that  the  bacteriological  diagnosis  be 
made  in  every  case  of  meningitis  for  which  we  have  supplied  the 
serum,  and  which  we  have  accepted  for  our  analysis,  and  that  in 
doubtful  instances  we  have  ourselves  examined  slides  and  sometimes 
cultures  prepared  from  the  spinal  exudates,  we  can  speak  with 
positiveness  upon   this  important  subject. 

It  is  an  important  master,  and  one  to  be  carefully  pondered, 
whether  the  wide  distribution  of  sporadic  epidemic  meningitis  in  the 
United  States  is  the  outcome  and  residue  of  the  epidemic  that  raged  in 
New"  York  and  vicinity  from  1905  to  1907,  or  whether  the  disease  tends 
to  exist  and  has  long  existed  in  a  sporadic  state  in  this  country, 
from  which  the  severe  epidemic  outbreaks  have  occasionally  taken 
their  origin.  There  is  some  reason  to  suppose  that  the  diagnosis 
of  sporadically  occurring  cases  of  the  disease  may  fail  to  be  made 
unless  attention  is  specially  directed  to  the  unusual  symptoms  by 
the  simultaneous  occurrence  of  several  such  cases,  or  by  a  wider 
publicity  which  the  disease  sometimes  attains  as  through  the  exist- 
ence of  obvious  epidemic  foci,  or,  as  in  the  present  instance,  by  the 
interest  excited  by  the  publications  relating  to  the  antimeningitis 
serum. 

The  analysis  which  is  to  be  presented  is  based  upon  histories 
of  cases  of  epidemic  meningitis  in  which  the  diagnosis  has  been 
established  by  bacteriological  examinations  as  well  as  by  the  usual 
clinical  tests.  The  histories  have  been  supplied  by  physicians  in 
hospitals  and  in  private  practice,  who  have  employed  the  serum. 
It  will  not  be  possible  in  this  place  to  acknowledge  duly  and  by 
name  the  physicians  who  so  generously  gave  their  time  to  the  study 
of  the  effects  of  the  serum,  but  we  hope  soon  to  publish  a  full 
report  of  this  investigation,  when  the  awarding  of  due  credit  will 
be  attempted.^ 

In  making  up  the  figures  upon  which  the  tabulations  are  based, 
account  has  been  taken  of  the  ages  of  the  patients,  the  period  of 
the  disease  at  which  the  serum  was  first  injected,  the  number  of 
injections  of  the  serum  made,  the  dosage  of  the  serum,  the  effects  on 
the  temperature,  and  the  subjective  and  objective  symptoms  of 
the  disease,  upon  the  number  and  viability  of  the  diplococcus  in  the 

'  To  appear  in  Journal  of  Experimental  Medicine,  1908,  x,  No.  5. 
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spinal  exudate,  the  general  leukocytosis,  the  duration  of  the  fever 
and  other  symptoms,  the  manner  of  recovery — that  is,  whether  by 
slow  improvement  or  lysis,  or  by  abrupt  termination  of  the  symptoms 
or  crisis — and  some  other  details  of  the  disease.  Not  all  the  points 
that  have  been  developed  can  be  brought  out  in  this  shorter  article. 
But  we  wish  to  state  that  in  one  way  only  has  any  selection  of  cases 
been  made,  namely,  that  all  cases  which, survived  the  first  dose  of 
serum  less  than  twenty-four  hours  have  been  excluded  from  the 
tabulations.  AVe  consider  that  it  may  be  accepted  as  probable  that 
any  marked  benefit  which  the  serum  may  be  assumed  to  exert 
could  hardly  be  effectively  exhibited  before  the  first  twenty-four-hour 
period  following  its  administration  had  elapsed.  It  has  chanced 
that  of  the  histories  here  analyzed  the  eliminations  include  chiefly 
cases  which  were  moribund  at  the  time  of  their  admission  to  hos- 
pitals and  the  first  serum  injections  and  in  which  the  survival  was 
often  only  a  few  hours — one  hour  to  five  or  six  hours — and,  in  addi- 
tion, a  certain  although  small  number  of  rapidly  fatal  fulminating 
cases. 

Result  According  to  the  Ages  of  the  Patients.  The  total 
number  of  cases  subjected  to  tabulation  is  393.^  The  total  number 
of  recoveries  among  these  cases  was  295  and  the  total  number  of 
deaths  98.  Hence  there  were  75  per  cent,  of  recoveries  and 
25  per  cent,  of  deaths.  Tabulated  according  to  the  ages  of  the 
patients,  the  following  is  the  result  obtained : 

Under  1  year 

Between  1  and  2  years 

Between  2  and  5  years 

Between  5  and  10  years         .      .      .      .      ^ 

Between  10  and  20  years 105 

Over  20  years 

Age  not  given 

The  youngest  child  who  recovered  was  one  month  old.  The 
latest  case  of  the  disease,  in  a  child  under  one  year  of  age,  which  was 
treated,  was  in  its  fourth  month  when  the  injections  were  begun: 
the  child  died.  The  highest  mortality  was  among  cases  over  twenty 
years  of  age,  which  can,  we  think,  be  explained  in  part  by  the 
fact  that  a  large  number  were  treated  by  scattered  physicians  who 

1  Representing  the  number  after  the  moribund  and  fulminating  cases  have  been  subtracted. 
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had  no  experience  with  the  serum.  If  this  is  not  the  reason,  and 
adults  past  twenty  are  less  subject  to  the  action  of  the  serum  than 
younger  persons,  the  fact  will,  of  course,  come  out  finally;  but 
with  one  exception  (Cincinnati),  wherever  a  series  of  cases  of  these 
ages  had  been  treated  by  one  observer,  the  percentage  of  recoveries 
to  deaths  has  been  high.  (Johns  Hopkins  Hospital,  Baltimore, 
Cleveland,  Belfast,  Ireland.) 

Results  According  to  the  Period  of  Injection.  We  have 
also  analyzed  the  histories  according  to  the  earliest  period  of  the 
disease  at  which  the  injection  of  the  serum  was  begun.  Not  all 
the  histories  are  perfectly  definite  on  this  point,  hence  we  have 
used  in  the  analysis  only  those  that  are  definite.  In  not  a  few  cases 
the  onset  of  the  disease  was  insidious,  and  the  prodromata  appear 
to  have  been  indefinite  and  more  or  less  overlooked.  At  other  times, 
and  this  seems  to  have  been  the  more  frequent  experience,  the  onset 
was  abrupt,  so  that  no  special  doubt  surrounded  the  beginning  of 
the  disease.  Under  the  circumstances,  therefore,  the  danger  is 
that  the  period  elapsing  between  the  onset  of  the  symptoms  of  the 
disease,  their  recognition,  and  the  first  serum  injection  will  be 
calculated  too  short  rather  than  too  long.  It  is  very  rare,  except 
in  the  fulminant  cases,  that  one  can  assure  himself  that  he  is  dealing 
with  the  disease  on  the  first  day  of  its  existence. 

The  histories  of  361  cases  were  sufficiently  explicit  to  enable  us 
to  approximate  the  periods  in  which  the  first  serum  injection  was 
made.  We  have  arbitrarily  chosen  the  three  periods  that  follow 
in  which  to  group  the  cases: 

Period  of  injection  of  serum.  Cases.  Recovered.         Died. 

First  to  third  day 123  107  16  16.5  per  cent. 

Fourth  to  seventh  day 126  96  30  23.8        " 

Later  than  seventh  day 112  73  39  35 

In  spite  of  the  uncertainties  surrounding  the  period  of  on.set  of 
the  symptoms  which  affect  the  accuracy  of  the  calculation  of  the 
period,  the  beneficial  influence  of  early  injection  is  rendered  suffi- 
ciently obvious  by  the  table.  The  period  embraced  in  the  last 
group  is,  of  course,  highly  irregular,  since  not  a  few  cases  came  under 
treatment  when  they  were  in  a  semichronic  or  chronic  state  after 
many   weeks    of   illness.     On    the   whole,    therefore,    the   outlook 
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even  for  the  latter  class  of  cases  is  not  wholly  discouraging;  and, 
indeed,  we  are  of  the  opinion  that  so  long  as  the  diplococcus  is  still 
present  in  the  meningeal  exudate,  and  the  mechanical  damage  to  the 
anatomical  structure  is  not  irreparable,  the  employment  of  the 
serum  holds  out  hope  of  considerable  benefit. 

Manner  of  Termination  of  the  Symptoms.  The  histories 
have  been  sufficiently  explicit  in  273  instances  to  enable  us  to 
determine  the  manner  in  which  the  disease  terminated,  that  is, 
whether  by  lysis  or  crisis.  We  do  not  think  that  our  decisions  on 
this  point  have  been  uniformly  correct,  and  the  figures  are  given, 
therefore,  merely  as  an  approximation  of  what  may  be  fomid  later 
to  be  the  true  figures.  Of  the  273  cases  described  in  the  histories, 
200  terminated  by  lysis  and  73  by  crisis.  Hence  we  have  assumed 
that  from  25  per  cent,  to  30  per  cent,  of  the  cases  treated  with  the 
serum  terminated  abruptly  in  the  manner  to  which  we  previously 
applied  the  term  "crisis." 

Closely  connected  with  the  question  of  the  manner  of  termination 
of  the  symptoms  is  the  question  of  the  duration  of  the  active  symp- 
toms of  the  disease  in  serum-treated  as  compared  with  non-serum- 
treated  cases.  Without  entering  into  a  discussion  of  this  point, 
we  wish  to  state  that  we  have  analyzed  228  histories  of  recovered 
patients  with  reference  to  the  duration  of  the  active  symptoms  and 
found  the  period  to  be  about  eleven  days. 

Influence  on  Diplococci,  Spinal  Exudate,  and  Leuko- 
cytosis. In  our  first  publication  on  the  serum  treatment  of  epi- 
demic meningitis  we  drew  attention  to  a  fact  which  impressed  us 
as  remarkable  and  significant,  namely,  that  very  soon  after  the 
serum  injections  were  begun  the  diplococci  tended  to  be  greatly 
reduced  in  numbers,  to  disappear  from  the  fluid  part  of  the  exudate, 
to  become  wholly  intracellular  (unless  they  were  now  entirely  absent), 
to  present  certain  changes  in  appearance,  as  swelling  and  fragmenta- 
tion, and  to  stain  diffusely  and  indistinctly,  and  co-incidently  to 
lose  viability  in  cultures.  The  later  and  far  wider  experience  has 
tended  to  confirm  the  views  we  first  expressed  based  on  the  effects 
observed;  and  while  exceptions  occur  in  which  the  diplococci  dis- 
appear or  become  engulfed  and  change  in  morphology  or  lose  via- 
bility more  slowly,  yet  the  general  fact  seems  securely  established. 
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There  seems  little  doubt  that  part  of  the  beneficial  effect  of  the 
serum  injections  must  arise  from  the  restriction  of  multiplication 
and  from  the  greater  phagocytosis  of  the  diplococci. 

Attention  was  previously  directed  to  the  rapidity  with  which  the 
exudate  in  the  meninges  loses  turbidity  under  the  influence  of  the 
serum  injections.  This  fact  has  been  noted  again  and  again  in  the 
subsequent  cases  treated  with  the  serum.  Indeed,  it  would  now 
appear  as  if  the  fear  we  expressed,  that  the  cases  with  strictly  purulent 
exudates  might  be  less  amenable  to  the  action  of  the  serum,  was 
premature.  A  fair  number  of  cases  in  which  the  notes  state  the 
spinal  exudate  to  have  been  purulent  have  recovered,  and  the  rapid 
clearing  of  the  exudate  was  observed  even  in  them.  Whether  there 
is  complete  anatomical  restitution  of  the  meninges  in  these  cases 
can  only  be  determined  by  postmortem  examinations;  but  that 
complete  functional  restoration  can  take  place  may  be  regarded  as 
certain. 

Closely  connected  with  the  rapidity  with  which  the  cerebrospinal 
exudate  loses  pus  cells  and  returns  to  a  limpid  condition  is  the  state 
of  the  general  leukocytes  of  the  blood.  If  the  inflammatory  emigra- 
tion into  the  meninges  is  arrested,  then  the  number  of  circulating 
leukocytes  should  tend  rapidly  to  return  to  the  normal.  The  facts 
at  hand,  based  upon  many  coimts  of  the  circulating  leukocytes 
before  the  injections  of  serum  were  begun,  and  afterward  at  regular 
intervals,  show,  as  was  to  be  expected,  a  fall,  often  very  rapid  and 
even  critical,  in  the  number  of  leukocytes  in  the  general  blood  stream 
with  which  the  disappearance  of  the  diplococci  and  the  clearmg  of 
the  spinal  exudate  are  correlated. 

The  reverse  of  the  phenomena  here  mentioned  is  encountered  in 
those  cases  not  responding  to  the  serum,  or  responding  imperfectly, 
in  which  death  is  the  result.  Although  the  data  bearing  on  this  topic 
at  our  command  are  less  numerous  and  perfect  than  the  other,  yet 
the  general  statement  can  be  made  that  the  diplococci,  the  spinal 
exudate,  and  the  circulating  leukocytes  are  less  influenced  in  the 
resistant  cases,  and  that  progressive  increase  in  turbidity  of  the 
exudate  and  rise  in  leukocytosis,  and  greater  persistence  of  the 
diplococci  with  retention  of  viability  after  several  injections  of  the 
serum,  are  unfavorable  indications. 

Am  Phys  6 
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The  (lata  at  hand,  bearing  on  the  meningeal  phenomena  that 
precede  and  attend  the  relapses  so  far  as  diplococci,  exudate,  and 
leukocytosis  go,  are  also  imperfect.  Here,  again,  the  general  state- 
ment can  be  made  that  the  relapses  are  attended  or  ushered  in  by 
increased  exudation  of  leukocytes  into  the  meninges,  higher  systemic 
leukocytosis,  and  re-appearance  of  or  increase  in  the  numbers  of 
diplococci,  although  the  diplococci  may  not  I'egain  power  to  grow 
outside  the  body  in  cultures.  Relapses,  in  the  course  of  the  treatment, 
are  not  very  frequent,  and  rarely  has  the  case  terniinated  fatally 
during  relapse  when  the  treatment  with  the  serum  has  been  resumed 
without  delay  and  vigorously  pushed. 

There  remains  one  more  topic  to  be  mentioned.  The  indications 
given  by  the  first  series  of  serum-treated  cases  were  to  the  effect 
that  in  the  great  majority  of  instances  recovery  from  the  disease  would 
be  complete.  The  facts  brought  out  by  the  far  larger  series  of  cases 
on  which  this  article  is  based  confirm  the  earlier  view  which  we 
expressed.  The  number  of  complications  which  arose  in  them 
was  small,  and  the  only  persistent  defect  noted  was  deafness.  This 
lamentable  condition  occurred  in  a  few  instances  only,  and  it  was, 
more  often  than  not,  noted  early  in  the  disease  before  the  serum 
injections  were  begun. 


PRELIMINARY  REPORT  ON  EXPERIMENTAL  LIGA- 
TION OF  THE  CORONARY  ARTERIES. 

By  JOSEPH  L.  MILLER,  M.D.,  and  S.  A.  MATTHEWS,'  M.  D., 

CHICAGO. 


The  literature  on  experimental  obstruction  of  the  coronary  arteries 
is  not  extensive,  though  dating  back  to  the  seventeenth  century. 
Chirac,  in  169S,  tied  the  coronary  artery  in  a  dog  and  noted  that  the 
heart  stopped  beating  in  one  minute.  From  that  time  until  1842 
medical  literature  does  not  contain  any  reference  of  a  repetition  of 
Chirac's  experiment,  although  in  the  meantime  Parry  had  published 
observations  on  the  relation  between  angina  pectoris  and  sclerosis 
of  the  coronary  arteries.  Frichsen,  in  1842,  recognizing  obstruction 
of  the  coronary  arteries  as  a  frequent  cause  of  sudden  death  in 
man,  ligated  the  coronary  arteries  near  their  origin  in  a  pithed  dog, 
and  reported  gradually  increasing  bradycardia,  and  finally  standstill. 
Panum,  in  1862,  injected  a  mixture  of  oil,  wax,  tallow,  and  lampblack 
into  the  aorta,  hoping  in  this  way  to  obstruct  the  coronary  arteries; 
as  the  vessel  was  incompletely  plugged,  it  is  unnecessary  to  refer  to 
his  results.  The  next  important  contribution  was  made  by  BizoUi 
and  Breymann  in  1867.  After  clamping  the  coronary  artery  in  a 
curarized  rabbit,  they  observed  slowing  of  the  left  ventricle,  increas- 
ing arrhythmia  terminating  in  fibrillar  twitching.  Samuelson,  in 
1881,  compressed  the  left  coronary  artery  in  a  curarized  rabbit,  and 
reported  speedy  standstill  of  the  left  ventricle;  the  right  continued 
to  pulsate.  The  same  year  Cohnheim  and  Schulthess-Rechberg 
reported  their  thorough  experimental  work  on  compression  of  the 
coronary  arteries  in  curarized  dogs.  They  found  that  either  main 
trunk  of  the  left  coronary  artery  may  be  clamped  without  imme- 
diate disturbance  of  the  heart.  However,  within  about  one  minute 
slight  irregularity  of  both  sides  of  the  heart  appeared,  decided  slowing 
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and  rapid  fall  in  blood  pressure,  both  ventricles  stopping  suddenly 
in  diastole.  Porter,  in  1S96,  with  an  improved  technifjue,  dissecting 
out  the  coronary  artery  in  curarized  or  etherized  dogs  and  then  liga- 
ting,  reported  that  ligation  of  a  main  trunk  did  not  necessarily 
produce  standstill,  \^^len  standstill  occurred  it  appeared  in  both 
ventricles  simultaneously.  Finally,  the  most  recent  work  is  that  of 
Hirsch  and  Spalteholz.  Their  experimental  investigations  were 
undertaken  with  the  view  of  determining  whether  the  coronary 
arteries  are  end-arteries  in  the  sense  of  Cohnheim.  They  ligated  the 
ramus  descendens  in  eight  dogs  and  two  apes,  the  only  efi'ect  noted 
being  transitory  arrhythmia  and  bradycardia.  The  animals  recovered 
from  the  operation  and  were  killed  at  the  end  of  two  to  four  weeks. 
Their  hearts  showed  small  areas  of  necrosis  at  a  considerable  dis- 
tance from  the  ligature,  not  as  great  in  extent  as  the  area  supplied 
by  the  ligated  vessels.  They  also  noted  in  animals,  when  the  blood 
pressure  was  very  low  as  the  result  of  hemorrhage,  that  more  exten- 
sive necrosis  occurred.  They  suggest  that  in  attacks  of  angina 
pectoris  with  low  pressure,  drugs  increasing  pressure  may  be  in- 
dicated. 

Although  Parry  had  maintained  that  angina  pectoris  was  due  to 
sclerosis  of  the  coronary  arteries  his  views  met  with  much  opposition. 
The  majority  of  clinicians  considered  the  symptoms  a  neurosis; 
The  elder  Romberg  referred  to  the  condition  as  h}'peresthesia  plexus 
cardiaci,  Wunderlich  as  spasmus  cordis,  Bamberger  as  hyperesthesia 
of  the  pericardium,  and  Eulenberg  and  Guttman  as  a  disease  of  the 
sympathetics.  These  early  views  are  of  interest,  as  they  are  evi- 
dently the  foundation  of  our  present  day  therapy.  Von  Leyden, 
however,  in  1884,  by  combining  clinical  and  autopsy  observations, 
settled  beyond  doubt  that  attacks  of  angina  pectoris  are  usually 
associated  with  sclerosis  of  the  coronary  arteries  and  that  the  dis- 
ease is  not  a  neurosis. 

Clinical  observations  of  the  cardiovascular  system  during  an  attack 
of  angina  pectoris  are  quite  in  accord  with  what  occurs  after  experi- 
mental ligation  of  the  coronarv  arterv.  Levden,  Fraenkel,  Cursh- 
mann,  and  others  have  noted  arrhythymia,  bradycardia,  and  low 
tension  pulse  during  an  attack.  E.  Romberg  refers  to  the  pulse  as 
small,  soft,  arrhythmical,  and  irregular,  the  heart  showing  a  dilatation 
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with  mitral  murmur.  He  also  mentions  that  a  weak  pulse  may 
even  occur  with  light  attacks,  although  occasionally  the  pulse  tension 
may  be  increased,  the  heart's  frequency  most  frequently  increased, 
many  times  unchanged.  The  increased  pulse  frequency  might  be 
considered  as  somewhat  at  variance  with  the  experimental  findings. 
Marked  bradycardia,  however,  occurred  in  dogs  only  when  very 
extensive  interference  with  the  circulation  had  been  induced,  and 
marked  the  beginning  of  the  end.  ]Man  with  a  similar  obstruction 
would  die  within  a  few  minutes  of  the  onset  of  the  attack.  The 
cases  that  have  been  studied  clinically  have  usually  been  of  much 
milder  degree,  and  we  know  in  animals  ligation  of  a  large  branch 
of  a  main  trunk,  if  it  affects  the  heart  frequency  at  all,  is  very  apt 
to  quicken  it.  Brunton's  famous  case,  on  which  he  did  this  experi- 
mental work  with  amyl  nitrite,  was  undoubtedly  an  exceptional  one. 
He  reports  high  tension  pulse,  the  spygmographic  tracing  showing 
a  pulsus  tardus,  which  disappeared  after  the  use  of  amyl  nitrite. 

Our  own  experimentation  was  undertaken  with  a  view  of  deter- 
mining the  effect  of  drugs  on  animals  after  ligation  of  the  coronary 
arteries,  believing  that  information  gained  in  this  way  may  be  directly 
utilized  in  the  treatment  of  angina  pectoris.  In  the  first  series  of 
twenty  dogs  one  of  the  main  branches  of  the  R.  descendens  was 
ligated,  and  the  animal  did  not  receive  any  medication  at  the  time  of 
ligation;  one-half  the  remaining  animals  received  either  amyl  nitrite 
or  nitroglycerin  in  sufficient  dosage  to  cause  a  distinct  drop  in  press- 
ure, the  others  strophanthus  in  0.01  c.c.  doses  intravenously.  We 
hoped  to  determine  by  this  means  what  effect  these  remedies  had 
in  promoting  recovery,  and  also  whether  the  area  of  necrosis  was 
modified  by  the  method  of  treatment.  All  of  the  animals  recovered 
from  the  immediate  effect  of  the  operation,  but  a  number  died  later 
of  sepsis.  Eight  of  the  twenty  animals  recovered  completely;  three 
of  these  had  not  received  any  medication,  three  had  been  given 
nitroglycerin,  and  two  strophanthus.  In  studying  the  degree  of 
infarction  that  occurred  we  were  unable  to  detect  any  difference  in 
the  various  animals.  One  interesting  observation,  however,  was 
made.  Four  of  the  animals  that  recovered  from  the  operation  were 
killed  in  from  five  days  to  four  weeks.  The  remaining  four  died  in 
twenty-six,   forty-two,   forty-seven,  and   ninety   days,   respectively. 
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Deatli  in  each  of  these  occurred  rather  suddenly.  The  animals 
appeared  in  their  usual  health,  and  a  few  hours  later  were  found 
dead.  In  only  two  of  them  were  the  signs  preceding  death  observed, 
the  animals  suffering  from  intense  dyspnea.  The  heart  was  found 
enormously  dilated,  with  an  area  of  necrosis  1.5  cm.  in  diameter. 
As  the  cardiac  findings  in  the  other  two  animals  were  of  the  same 
character,  though  of  a  less  degree,  it  is  not  improbable  that  death 
occurred  in  the  same  manner.  Hirsch  and  Spalteholz's  animals, 
in  the  absence  of  signs  or  symptoms  within  two  to  five  weeks,  were 
killed — and  they  concluded  that,  inasmuch  as  no  functional  dis- 
turbances were  noted,  the  coronary  arteries  could  not  be  end- 
arteries,  Ijut  that  physiological  anastomosis  must  be  present.  It  is 
very  probable  that  had  they  allowed  their  animals  to  live  for  a 
longer  period  of  time,  evidence  of  functional  disturbance  would 
have  appeared. 

Ether  was  used  as  an  anesthetic  in  all  of  these  cases,  artificial 
respiration  being  maintained  through  a  tracheal  tube.  Blood- 
pressure  tracings  were  taken  in  each  case  from  the  right  carotid. 
The  heart  was  exposed  by  cutting  the  costal  cartilage  of  the  third, 
fourth,  and  fifth  ribs,  then  stretching  with  retractors.  In  ligating 
no  attempt  was  made  to  dissect  out  the  artery  from  the  vein,  both 
being  included  in  the  ligature. 

In  the  second  series  of  twenty-five  dogs  we  endeavored  to  determine 
first  the  extent  of  ligation  necessary  to  cause  marked  impairment  of 
the  heart's  action,  and  second,  the  comparative  value  of  strophan- 
thus  and  nitroglycerin  in  restoring  the  heart  to  normal  after 
marked  impairment  had  occurred.  Ether  and  artificial  respiration 
were  employed  as  in  the  preceding  series.  To  prevent  hemorrhage  the 
internal  mammary  was  ligated  by  means  of  a  curved  needle  passed 
beneath  the  upper  end  of  the  sternum.  A  window  was  then  re- 
sected in  the  left  thorax.  This  operation  had  much  more  effect  on 
blood  pressure  than  when  a  simple  incision  was  made.  In  each  case 
the  circumflex  was  first  ligated  from  8  to  15  mm.  from  the  orifice; 
this  was  always  followed  by  a  moderate  fall  in  blood  pressure,  but 
without  other  marked  manifestations  of  disturbances,  except  in 
two  dogs,  in  both  of  which  the  heart  came  to  a  standstill  in  from  one 
to  two  minutes.     Following  the  ligation  of  the  circumflex,  successive 
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branches  of  the  R.  descendens  were  Hgated,  until  evidence  of  cardiac 
disturbance  appeared.  This  we  found  quite  constantly  when  the 
ligation  of  the  descendens  was  made  within  25  mm.  of  the  orifice. 
Incomplete  systole  of  the  left  ventricle  was  the  first  evidence  of  cardiac 
trouble  with  this  decided  slowing  and  gradual  fall  in  blood  pressure. 
As  a  consequence  of  good  action  of  the  right  ventricle  and  incom- 
plete emptying  of  the  left,  gradually  increasing  dilatation  .of  the 
latter  occurred,  soon  followed  by  dilatation  of  the  left  auricle,  and, 
finally,  of  the  right  auricle  and  ventricle;  engorgement  of  the  coro- 
nary veins  was  noted  as  soon  as  the  right  heart  failed  to  empty. 
Early  the  disproportionate  size  between  the  left  and  right  heart 
was  very  marked;  later  both  became  equally  dilated.  In  all  but 
two  dogs  of  the  series  the  left  ventricle  stopped  first;  the  right  con- 
tinued to  pulsate  quite  regularly  for  several  minutes.  Stand- 
still was  followed  by  fibrillar  twitching.  In  none  of  the  animals 
was  there  any  evidence  of  pulmonary  edema.  ^Vhen  standstill 
of  the  left  ventricle  had  occurred  we  found  it  permanent.  None 
of  the  remedies  employed  had  any  apparent  effect.  However,  if, 
when  the  left  ventricle  showed  marked  impairment  of  systole  and 
dilatation  was  developing,  we  found  that  0.1  c.c.  of  the  tincture  of 
strophanthus  would  improve  the  systole,  the  dilatation  would 
gradually  subside  and  the  blood  pressure  return  to  normal.  In  one 
animal  the  pressure  had  fallen  to  18  mm.  of  mercury  when  stro- 
phanthus was  given;  it  gradually  returned  to  70  mm.,  and  we  were 
then  enabled  to  make  further  ligation  without  stopping  of  the 
ventricle.  If  adrenalin  was  given  instead  of  strophanthus,  the  t^-pi- 
cal  rise  in  pressure  occurred,  but  the  dilatation  increased  and  the 
left  ventricle  stopped  beating.  When  nitroglycerin  was  used  no 
appreciable  effect  on  the  pressure  was  observed,  as  is  the  case  when 
the  pressure  is  very  low;  there  was  some  quickening  of  the  heart's 
action,  but  no  improvement  in  the  systole  or  lessening  of  the  dilata- 
tion, standstill  of  the  left  ventricle  occurring  the  same  as  in  the 
untreated  animals.  ^Morphine  hastened  the  standstill,  in  conformity 
with  Porter's  experience.  Each  of  these  remedies  was  tried  upon 
four  animals,  and  the  results  were  so  uniform  that  we  feel  quite 
confident  the  effects  were  not  accidental.  We  also  found  that  an 
animal  which  had  received  the  tincture  of  strophanthus  allowed  of 
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much  more  extensive  ligation  of  the  coronary  vessels  than  the  un- 
treated animal.  In  the  four  animals  treated  in  this  way  we  were 
able  to  ligate  the  circumflex  8  to  12  mm.  from  the  orifice,  and  the 
R.  descendens  25  mm.  from  the  orifice,  without  materially  affecting 
the  action  of  the  left  ventricle  or  lowering  the  blood  pressure,  results 
not  obtainable  in  the  untreated  animals. 

It  must  be  quite  apparent  to  anyone  observing  the  poorly  con- 
tracting  and   slowly   dilating   ventricles   and  the  falling  pressure 
that  what  we  need  is  to  increase  the  contractile  power  of  the  heart. 
It  is  not  the  peripheral  resistance  that  is  at  fault,  but  rather  the  heart 
muscle.     How  far  we  may  transfer  these  findings  to  the  treatment 
of  angina  pectoris  in  man  is  questionable.     The  vasodilators  have 
been  and  still  are  extensively  used  in  the  treatment  of  angina  pectoris. 
The  origin  of  this  method  of  treatment  is  clear.     Until  Leyden's 
work  in  1884,  the  condition  was  considered  a  neuroses  or  vascular 
spasm.     In    addition,  Brunton's    experience  with   his    extensively 
quoted  patient    (certainly  an  exceptional  case)  has  done  much  to 
disseminate  this  method  of  treatment  in  England  and  America. 
Much  less,  however,  in  Germany,  where  many  of  the  best  authorities 
consider  the  vasodilators   dangerous   in   the  treatment  of  angina 
pectoris.     We  have  already  seen  the  similarity  in  the  symptoms, 
barring  pain,   following   experimental   ligation,   and   an   attack   of 
angina  pectoris.     Yet  clinical  experience  must  be  the  final  judge. 
Brunton  admits  that  many  cases  of  angina  are  not  relieved  by  amyl 
nitrite,  but  considers  this  due  to  the  use  of  an  impure  preparation. 
Leyden  with  his  extensive  experience  says  he  has  only  seen  a  single 
case  where  amyl  nitrite  had  the  prompt  effect  in  relieving  an  attack 
as   described  by  Brunton.     Romberg  has  only  seen  one  patient 
relieved  promptly  by  amyl  nitrite,  although  he  highly  recommends 
nitroglycerin  to  ward  off  an  attack  or  to  check  it,  if  given  in  the  very 
beginning;  in  the  height  of  the  attack  he  considers  it  uesless.     In 
the  writer's  limited  experience  he  has  never  seen  a  patient  relieved 
promptly  of  his  pain  with  amyl  nitrite  or   nitroglycerin,  and  it  is 
probably  true  that  angina  vera  is  rarely  relieved  by  nitroglycerin, 
but  angina  angioneurotica  often;  that  the  latter  form  is  infrequent 
is  generally  conceded.     To  differentiate  these  two  the  character  of 
the  pulse  is  of  value,  as  apparently  the  vascular  spasm  may  be  general, 
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as  in  Brunton's  case,  with  a  small  hard  pulse.  In  those  cases, 
however,  with  soft,  irregular  pulse  and  dilated  left  ventricle,  the 
intravenous  use  of  digitalis  may  be  indicated.  The  question  arises 
how  to  treat  these  patients  with  hypertension  the  result  of  nephritis. 
Leyden  has  shown  that  the  majority  of  patients  suffering  from  angina 
do  not  have  h^-pertension.  In  patients  with  In-per tension,  if  the 
attack  is  severe,  a  very  marked  fall  in  pressure  has  occurred,  and 
digitalis  may  be  safely  used.  AYe  must  again  emphasize  that  what 
is  needed  is  stimulation  of  the  heart  muscle;  not  lessening  of  the 
peripheral  resistance.  The  use  of  cardiac  stimulants,  as  digitalis 
and  caffeine,  in  attacks  of  angina  is  not  new,  as  Romberg  recommends 
during  the  attacks  remedies  which  increase  the  heart  activity,  as 
caffeine,  or  camphor,  or  digalen  intravenously. 


DISCUSSION. 


Dr.  ^YsI.  H.  \Yelch:  I  should  like  to  ask  Dr.  ^liller  whether  the  investi- 
gation which  he  has  made  throws  any  light  on  the  question  as  to  whether  the 
intramuscular  branches  of  the  coronary  arteries  are  terminal. 

Dr.  S.  Solis  Cohex:  Dr.  ^Miller  has  very  properly  employed  a  judicious 
reserve  in  applying  the  results  of  these  experiments  to  the  treatment  of  angina 
pectoris  by  nitroglycerin  or  otherwise.  It  is  by  no  means  sure  that  the  lesions 
found  postmortem  in  a  case  of  angina  pectoris  represent  the  conditions  wliich 
are  present  when  the  affection  or  disorder — whatever  it  may  be — is  first  mani- 
fested. They  probably  represent  largely  the  results — pathological  results — 
of  interference  with  general  nutrition — the  nutrition  of  the  coronary  arteries 
and  of  the  heart,  as  well  as  of  other  parts.  Now,  one  great  difference  between 
the  condition  of  the  artery  in  these  experiments  and  in  the  paroxysm  of  angina 
pectoris  is  that  here  a  permanent  lesion  was  established,  a  sudden,  complete,  and 
permanent  occlusion  of  circulation;  whereas  in  the  paroxysm  of  angina  pectoris, 
which  in  the  early  stages  passes  away  spontaneously,  there  is  evidenced  a  tempo- 
rary condition  and  not  a  permanent  one.  That  treatment  by  nitroglycerin  or 
by  any  other  means  fails  to  relieve  those  paroxysms  of  angina  pectoris  which 
terminate  in  death  is  obnous  from  the  statement;  and  it  is  equally  obvious  that 
we  cannot  expect  any  such  measure  to  avert  death  when  a  fatal  occlusion  of  the 
artery  has  been  established  experimentally.  In  other  words,  the  difference 
between  this  necessarily  fatal  experiment  and  the  condition  which  prevails 
during  the  clinical  course  of  angina  pectoris  is  so  great  that  conclusions  must, 
as  Dr.  Miller  has  observed,  be  presented  with  a  great  deal  of  reserve.     Now, 
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I  doubt  whether  there  is  any  fact  better  established  in  clinical  medicine  by  the 
concurrent  testimony  of  numbers  of  competent  practitioners  of  medicine,  men 
competent  to  make  diagnoses,  and  men  competent  to  make  therapeutic  observa- 
tions, than  the  fact  that  the  nitrites,  whether  it  be  nitroglycerin  or  some  other 
member  of  the  group,  do  exert  a  beneficial  influence  in  averting  paroxysms  of 
angina  pectoris,  and  do,  if  used  sufficiently  early  in  the  paroxysm,  relieve  it. 
That  nobody  depends  on  the  nitrites  alone  in  every  case,  that  morphine  or 
atropine  is  often  required  to  relieve  a  paroxysm,  and  that  something  more  than 
nitroglycerin  is  needed  to  delay  the  progress  of  organic  lesion  are  matters  well 
known ;  but  I  must  repeat  that  it  is  in  the  very  late  stages  of  angina,  not  the  early 
ones,  that  any  condition  parallel  with  that  of  this  experiment  is  to  be  found. 

Dr.  R.  H.  Babcock:  I  should  like  to  suggest  that  possibly  the  state  of 
the  blood  pressure  may  have  much  to  do  with  the  question  whether  nitroglycerin 
will  relieve  an  attack  or  not.  At  the  present  time  I  have  a  man  of  sixty  under 
observation  with  a  sustained  systolic  blood  pressure  of  210.  His  attacks  of 
angina  are  promptly  relieved  by  the  use  of  nitroglycerin.  I  have  seen  other 
cases — I  have  one  in  mind  now,  in  which  the  patient  had  a  persistently  low 
systolic  blood  pressure,  and  whenever  he  had  attacks  of  angina  pectoris  the 
nitroglycerin  failed. 

Dr.  Alex.ajnder  McPhedran:  High  blood  pressure  is  brought  about  by 
two  conditions:  hypertonus  and  organic  changes  in  the  arteries.  There  are 
many  cases  in  which  the  sclerosis  of  the  arteries  is  so  marked  that  nitroglycerin 
has  practically  no  effect  on  the  blood  pressure.  Not  very  long  ago  a  gentleman 
from  Birmingham,  England,  who  had  a  blood  pressure  of  270  odd,  came  to  me. 
He  was  given  doses  of  nitroglycerin  large  enough  to  produce  slight  toxic  sjinp- 
toms,  especially  in  the  head,  but  the  drug  did  not  reduce  the  blood  pressure 
more  than  20  mm.  and  gave  him  no  relief.  Nitroglycerin  does  reheve  so  far 
as  the  symptoms  are  due  to  hypertonus,  but  no  farther. 

Dr.  J.  L.  INIiller:  In  reply  to  Dr.  Welch's  question,  that  is,  the  question 
of  whether  the  coronary  arteries  are  end-arteries  in  the  strict  sense  of  Cohnheim, 
I  would  say  that  this  question  was  not  carefully  studied.  Our  studies  were 
rather  to  study  the  effects  of  ligation. 

It  may  be  interesting  to  know  that  in  none  of  the  animals  in  our  experiments 
did  the  right  ventricle  stop  first.  It  always  continued  to  beat  for  a  number  of 
minutes,  and  in  none  of  our  animals  could  we  detect  any  pulmonary  edema. 

In  regard  to  Dr.  Cohen's  criticism,  it  seems  to  me  that  the  fact  that  in  angina 
pectoris  we  are  dealing  with  a  transitory  condition  does  not  indicate  that  it  may 
not  be  due  to  an  actual  obstruction  of  the  coronary  vessels.  The  patient  suffers 
from  shock  just  as  in  pulmonary  embolus.  That  the  attack  is  transitory  does 
not  mean  necessarily  that  we  are  not  dealing  vriih  an  actual  obstruction  of  the 
coronary  vessels. 

As  to  Dr.  Babcock's  question,  we  found  in  looking  over  the  Uterature,  though 
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most  of  the  work  was  done  before  the  use  of  instruments  for  determining  blood 
pressure,  that  a  majority  of  these  patients  during  an  attack  are  reported  as  having 
a  low-tension  pulse.     Brunton's  case  was  an  exception. 

But  whatever  is  the  actual  cause  of  the  attack,  whether  a  vasomotor  spasm 
or  obstruction  of  a  vessel,  it  seems  to  me  that  the  heart  muscle  is  not  working  as 
it  should,  that  there  is  an  incomplete  systole,  and  the  blood  pressure  drops. 
What  we  need,  then,  is  not  to  relieve  the  peripheral  pressure,  but  to  make  that 
heart  muscle  work  better.  Relieving  peripheral  pressure  does  not  stimulate 
the  heart  muscle  for  increased  work,  and  this  gradual  dilatation  can  best  be 
overcome  by  those  remedies  which  increase  the  working  power  of  the  heart 
muscle. 


EXPERIMENTS  WITH  AN  ASH-FREE  DIET. 
By   harry  W.  GOODALL;  M.D.,  axd  ELLIOTT  P.  JOSLIN,  M.D., 

BOSTON. 

(From  the  Departments  of  Biological  Chemistry  and  Theory  and  Practice  of  Physic,  Harvard 

Medical    School.) 


The  introduction  of  standard  test  diets  into  clinical  medicine  has 
distinctly  advanced  our  knowledge  of  human  metabolism  and  fur- 
nished many  useful  data  for  diagnosis,  prognosis,  and  treatment. 
Such  are  the  Ewald  test  breakfast,  the  diet  of  Schmidt  and  Strass- 
burger  for  the  study  of  diseases  of  the  gastro-intestinal  tract,  and  the 
proteid  fat  diet  employed  in  diabetes.  Although  these  various  diets 
were  excellent,  they  threw  light  upon  only  the  more  superficial 
phenomena  of  metaboHsm,  and  it  was  to  be  expected  that  other 
variations  in  the  diet  would  be  planned  which  would  penetrate  into 
the  more  fundamental  processes  of  the  body.  It  is  to  the  credit  of 
Taylor  ("Studies  on  an  Ash-free  Diet,"  University  of  California 
Publications,  Pathology,  1904,  vol.  i,  No.  7,  p.  71)  that  he  devised 
such  a  diet  in  1904,  and  had  the  temerity  to  live  upon  it  until  unusual 
symptoms  occurred. 

Admirable  as  was  the  conception,  and  interesting  as  were  the 
results  of  Taylor's  experiments  with  an  ash-free  diet,  one  of  his 
observations  and  the  interpretation  he  placed  upon  it  were  so  at 
variance  with  prevailing  ideas  as  to  attract  our  attention.  He  writes : 
"Upon  the  ninth  day  a  colleague  noted  in  the  breath  a  strong  odor  of 
acetone.  Investigation  thereupon  revealed  in  the  urine  notable 
quantities  of  acetone  and  diacetic  acid  without  /3-oxybutyric  acid." 
At  the  session  of  the  Association  of  American  Physicians  held  in 
1907  this  observation  was  cited  by  Taylor  as  an  argument  against  the 
generally  accepted  theory  of  acidosis  of  the  /3-oxybutyric  type,  which 
ascribes  its  occurrence  to  the  lack  of  oxidation  of  carbohydrates  in 
the  metabolism.  His  criticism  apparently  was  fully  justified,  be- 
cause, according  to  his  experiment,  an  acidosis  developed  in  a 
healthy  individual  upon  a  diet  which  maintained  equilibrium  and 

'  Not  a  member. 
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contained  200  grams  of  carbohydrates  which  were  kno\\Ti  to  be 
assimilated. 

The  overthrow  of  any  theory  which  has  served  so  many  useful 
purposes  as  the  secondary  oxidation  theory  proposed  by  Nasse  and 
adopted  by  Naunyn  can  hardly  be  considered  accomplished  by  a 
single  experiment.  It  therefore  seemed  well  worth  while  to  repeat 
the  work,  particularly  because,  so  far  as  we  are  aware,  no  further 
evidence  has  been  offered  which  would  confirm  it.  The  mere 
detection  of  acetone  in  the  breath  by  the  sense  of  smell  cannot  be 
accepted  as  a  sufficient  guarantee  of  its  presence.  Indeed,  Folin's 
("Chemical  Problems  in  Hospital  Practice,"  Journal  of  American 
Medical  Association,  1908,  No.  18,  p.  1391)  recent  observations  make 
it  probable  that  the  so-called  "acetone  breath"  has  nothing  to  do  with 
acetone.  The  actual  quantity  of  acetone  in  the  urine  is  not  given  by 
Taylor,  but  at  the  most  the  acidosis  must  have  been  slight,  because 
the  ammonia-nitrogen  nitrogen  ratio  reached  but  9.5  per  cent. 
Convincing  proof  that  acidosis  of  the  acetone  t\'pe  was  due  to  the 
withdrawal  of  salt  might  have  been  afforded  if  an  acidosis  thus  pro- 
duced had  disappeared  upon  the  addition  of  salt  to  the  diet  without 
other  change  in  the  plan  of  the  experiment. 

Our  experiments  followed  exactly  the  methods  suggested  by  Dr. 
Taylor,  Two  healthy  medical  students,  Mr.  Sawyer  and  Mr.  Smith, 
consented  to  act  as  subjects.^ 

The  daily  diet  consisted  of  the  whites  of  eighteen  eggs,  120  gm. 
olive  oil,  and  200  gm.  of  crystallized  sugar.  The  albumin  was  pre- 
pared in  the  following  manner:  1800  c.c.  distilled  water  (100  c.c.  to 
the  white  of  each  egg)  were  heated  in  a  double  boiler  up  to  56°  C. 
The  whites  of  the  eggs,  previously  broken  up  with  a  glass  rod  until 
homogeneous,  were  then  poured  in,  and  at  first  stirred  briskly,  but 
later  more  slowly  until  the  temperature  reached  100°  C.  Twelve  c.c. 
of  acetic  acid,  diluted  1  to  5,  were  added,  and  the  clear  fluid  decanted 
off  from  the  precipitated  albumin.  The  precipitate  was  thoroughly 
mixed  with  1000  c.c.  distilled  water,  heated  nearly  to  the  boihng  point, 
and  again  decanted,  this  procedure  being  repeated  three  times.  The 
albumin  was  then  transferred  to  a  large  Buchner  filter,  and  again 

1  Mr.  Sawyer  and  Mr.  Smith  lived  at  the  New  England  Deaconess  Hospital  during  the 
course  of  the  experiment,  and  to  that  Institution  we  are  much  indebted  for  the  many  courtesies 
we  received. 
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washed  three  or  four  times  with  hot  distilled  water.  The  final 
filtrate  was  nearly  free  from  chlorine.  The  sugar  was  given  in  the 
form  of  rock  candy,  of  which  the  ash  was  non-weighable.  The  olive 
oil  was  washed  half  a  dozen  times  in  a  large  separating  funnel  with 
distilled  water.  Distilled  water  alone  was  drunk,  and  in  measured 
quantities. 

Bone-black  was  used  in  the  demarcation  of  the  stools,  and  was 
taken  with  the  last  regular  meal,  which  was  twelve  hours  before  the 
commencement  of  the  experiment,  and  again  upon  its  completion 
just  before  a  return  to  an  ordinary  diet. 

The  first  experiment  was  begun  on  November  29,  1907,  and  con- 
tinued for  thirteen  days.  Mr.  Sawyer's  observations  during  this 
period  are  given  in  his  own  words.  He  writes:  "The  albumin  was 
the  most  disagreeable  part  of  the  diet.  I  used  a  syrup  with  this  so 
as  to  give  it  a  taste,  and  in  this  way  it  was  more  easily  swallowed; 
but  to  the  end  this  proved  to  be  the  most  irksome  part  of  the  experi- 
ment. During  the  time  of  the  dieting  I  worked  between  seven  and 
eight  hours  at  the  school,  at  least  half  of  which  time  I  was  standing. 
I  spent  about  two  hours  of  each  of  the  two  Sundays  that  intervened 
in  walking.  I  slept  longer  than  I  usually  do,  averaging  about  nine 
and  one-half  hours  in  the  day.  There  were  two  nights,  however, 
during  which  I  lost  about  three  hours  on  account  of  indigestion. 
With  the  loss  in  weight  there  was  also  loss  in  strength,  and  I  found 
myself  more  easily  winded  and  more  easily  tired.  On  some  of  the 
evenings  of  the  more  strenuous  days  I  was  quite  exhausted.  On 
two  occasions  I  had  a  slight  fainting  attack.  Three  evenings  before 
the  termination  of  the  experiment  I  had  some  symptoms  of  indi- 
gestion, namely,  the  distress  from  abdominal  distention,  hiccough, 
and  some  belching  of  gas.  My  appetite  throughout  was  good,  at 
times  ravenous,  but  not  for  the  ash-free  diet,  to  which  I  never  looked 
forward.  What  discomfort  there  was  to  the  experiment  did  not 
progress  from  first  to  last.  Some  of  the  days  earlier  in  the  experi- 
ment were  more  trying  than  the  last." 

The  diaphoresis  which  Taylor  observed  throughout  was  neither 
noted  by  Dr.  Sawyer  nor  observed  by  the  writers.  Mr.  Sawyer's 
symptoms  were  not  progressive  in  character,  and  in  this  respect  he 
differed  both  from  Dr.  Taylor  and  Mr.  Smith.  The  daily  quantity 
of  chlorine  in  the  urine  steadily  decreased,  and  upon  the  tenth  day 
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reached  0.22  gm.,  but  as  the  breath  and  urine  gave  no  evidence  of  the 
presence  of  acetone  or  diacetic  acid,  the  experiment  was  continued. 
On  the  eleventh  day  the  chlorine  remained  the  same,  but  on  the 
twelfth  day  it  fell  to  0.17  gm.,  or  0.02  gm.  less  than  the  lowest  limit 
reached  by  Taylor.  Tests  for  acetone  and  diacetic  acid  still  being 
negative,  the  diet  was  continued  for  another  twenty-four  hours. 
The  chlorine  on  this,  the  thirteenth  day,  was  the  same  as  on  the 
twelfth,  but  acetone  and  diacetic  acid  still  failed  to  appear,  and  the 
experiment  was  therefore  discontinued.  On  two  subsequent  days, 
namely,  the  second  and  fourth,  the  urine  was  again  collected. 

The  reaction  of  the  urine  was  acid  throughout,  and  daily  tests 
failed  to  reveal  the  presence  of  albumin,  sugar,  or,  as  already  re- 
corded, acetone  or  diacetic  acid.  Le  Nobel's  test  was  used  for  the 
determination  of  acetone,  and  Gerhardt's  ferric  chloride  test  for  the 
diacetic  acid.  With  few  exceptions,  these  were  performed  in  the 
presence  of  Dr.  Folin.  The  color  of  the  urine  was  uniformly  normal 
for  the  first  nine  days,  but  became  slightly  high  on  the  tenth  and 
eleventh,  and  distinctly  high  on  the  twelfth  and  thirteenth.  Indican 
was  present  in  variable  quantities,  as  shown  qualitatively,  gradually 
decreasing  from  the  first  to  the  sixth  day,  and  then  gradually  increas- 
ing up  to  the  end  of  the  experiment.  The  urinary  sediment  gave  no 
evidence  of  disease  of  the  kidneys.  The  following  tables  (I,  II,  III) 
give  the  analytical  details.  The  nitrogen  was  estimated  by  the 
Kjeldahl,  and  the  ammonia,  kreatinin,  sulphates,  and  total  sulphur 
by  the  FoHn  methods  (Journal  of  Biological  Chemistry,  1906,  vol.  i, 

p'.lSl): 

Table  I. 


Day. 

H,0. 

Urine. 

Specific 

P2O5. 

CI. 

Weight. 

c.c. 

c.c. 

gra\-ity. 

gm. 

gm. 

Kilogm. 

1 

1470 

1720 

1012 

1.29 

4.60 

70.2 

2 

1550 

1810 

1010 

1.29 

2.52 

3 

1560 

1430 

1012 

1.28 

1.88 

4 

1290 

930 

1017 

1.20 

0.87 

67.4 

5 

1290 

1100 

1013 

1.43 

0.69 

6 

1545 

1170 

1012 

1.04 

0.48 

66.6 

7 

1200 

850 

1015 

1.15 

0.46 

8 

1125 

1000 

1013 

0.78 

0.40 

66.1 

9 

1290 

1160 

1011 

0.95 

0.26 

10 

1200 

860 

1015 

0.89 

0.22 

11 

1260 

650 

1018 

0.76 

0.22 

12 

1215 

510 

1023 

0.79 

0.17 

65.1 

13 

1170 

560 

1023 

0.86 

0.17 

64.9   ' 

14 

15 

940 

1029 

3.50 

16 

69.0   ] 

17 

4090 

i6i7 

25;  76 
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Table  11. — Nitrogen. 

1 

Si 

Ss 

B 

■3  . 

•a 
.2  1 

II 

PS 

i 
1 

II 

!2 

■£t3 

PS 

gm. 

gm. 
"20.7" 

gm. 

gm. 
"1.60" 

gm. 

"0.18" 

gm. 

% 

% 

% 

% 

% 

1 

11.49 

9.66 
"18.0" 

0.78 

0.58 
"1.47" 

0.06 
"0.16" 

0.41 

8.41 

6.8 

5.0 

0.5 

3.6 

2 

10.27 

8.39 
"20.6" 

0.85 

0.55 
"1.58" 

0.05 
"0.20" 

0.43 

81.7 

8.3 

5.4 

0.5 

4.1 

3     11.67 

9.62 

0.87 

0.59 

0.06 

0.53 

82.5 

7.5 

5.0 

0.5 

4.5 

"18.8" 

"1.51" 

"0.22" 

4 

10.73 

8.75 
"18.9" 

0.93 

0.56 
"1.56" 

0.07 
"0.22" 

0.42 

81.5 

8.7 

5.2 

0.7 

3.9 

5 

10.86 

8.81 
"19.1" 

0.94 

0.58 
"1.53" 

0.07 
"0.21" 

0.46 

81.1 

8.7 

5.4 

0.6 

4.3 

6 

10.91 

8.74 
"19.4" 

0.97 

0.57 
"1.54" 

0.07 
"0.19" 

0.56 

80.1 

8.9 

5.3 

0.7 

5.0 

7 

10.72 

8.84 
"22.7" 

0.96 

0.57 
"1.50" 

0.06 
"0.21" 

0.29 

82.5 

9.0 

5.3 

0.6 

2.7 

8 

12.18 

10.02 
"21   2" 

1.03 

0.56 
"1.59" 

0.07 
"0.22" 

0.50 

82.0 

8.5 

4.6 

0.6 

4.3 

9 

11.86 

9.65 
"20.7" 

1.03 

0.59 
"1.51" 

0.07 
"0.20" 

0.52 

81.4 

8.7 

5.0 

0.5 

4.4 

10     11.54 

9.23 
"17.9" 

1.05 

0.56 
"1.55" 

0.06 
"0.19" 

0.64 

80.0 

9.1 

4.8 

0.5 

5.6 

11      10.07 

8.16 
"18.8" 

0.96 

0.58 
"1.51" 

0.06 
"0.16" 

0.31 

81.0 

9.6 

5.8 

0.6 

3.0 

12     10.99 

8.77 
"20.9" 

1.03 

0.56 
"1.51" 

0.05 
"0.16" 

0.58 

79.8 

9.3 

5.0 

0.5 

5.4 

13     11.69 

9.37 

1.01 

0.56 

0.05 

0.70 

80.4 

8.6 

4.8 

0.4 

5.8 

Table  III.— Sulphur. 


>. 

Total 

n- 

anic 
il- 
ites. 

Ethereal 
sul- 

Total 

Neutral 

n- 
anic 
ul- 
ites. 

Ethereal 
sul- 

Total 
sul- 

Neutral 

S3 

Q 

Sulphur. 

"t^-^ 

phates. 

phates. 

sulphur. 

o     a 

phates. 

phates. 

sulphur. 

gm. 

gm. 

gm. 

gm. 

gm. 

% 

% 

% 

% 

1 

0.96 

0.71 

0.05 

0.76 

0.20 

74.0 

5.2 

79.2 

20.8 

2 

0.97 

0.76 

0.06 

0.82 

0.16 

76.3 

6.2 

84.5 

15.5 

3 

0.99 

0.79 

0.06 

0.85 

0.14 

79.8 

6.1 

85.9 

14.1 

4 

0.98 

0.62 

0.06 

0.88 

0.10 

83.6 

6.1 

89.7 

10.3 

5 

1.04 

0.81 

0.08 

0.89 

0.15     ; 

77.9 

7.7 

85.6 

14.4 

6 

1.09 

0.86 

0.07 

0.93 

0.16     : 

78.9 

6.4 

85.3 

14.7 

7 

1.06 

0.83 

0.07 

0.90 

0.16     i 

78.3 

6.6 

84.9 

15.1 

8 

1.17 

0.90 

0.10 

1.00 

0.17 

76.9 

8.6 

85.5 

15.5 

9 

1.15 

0.90 

0.05 

0.95 

0.20 

78.3 

4.3 

82.6 

17.4 

10 

1.12 

0.88 

0.08 

0.96 

0.16 

78.6 

7.1 

85.7 

14.3 

11 

1.01 

0.80 

0.05 

0.85 

0.16 

79.2 

5.0 

84.2 

15.8 

12 

1.08 

0.85 

0.07 

0.92 

0.16 

78.7 

6.5 

85.2 

14.8 

13 

1.10 

0.86 

0.07 

0.93 

0.17 

78.2 

6.3 

84.5 

15.5 

Feces.  The  weight  of  the  dried  feces  was  121.68  gm.,  or  about 
9  gm.  per  day.  This  is  two  or  three  times  the  weight  of  the  feces 
of  a  starving  individual.  The  total  quantity  of  fat  in  the  feces 
amounted  to  53.2  gm.,  and,  as  the  total  fat  in  the  diet  was  1560  gm., 
the  total  quantity  of  fat  absorbed  was  96.6  per  cent.  The  total 
nitrogen  in  the  feces  was  6.05  gm.     If  the  total  nitrogen  in  the  diet 
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for  the  thirteen  days  is  estimated  at  (11.5  x  13  =)  150  gm.,  the 
percentage  of  nitrogenous  food  absorbed  was  96  per  cent. 

The  excellent  absorption  of  the  protein  and  fat  is  striking,  and 
deserves  emphasis.  It  is  a  most  useful  point  to  bear  in  mind  in  the 
treatment  of  patients.  So  much  has  been  attributed  to  the  psychic 
phenomena  of  digestion  that  it  is  well  occasionally  to  have  proof  that 
an  uninviting  and  positively  distasteful  diet,  which  does  not  awaken 
the  least  suspicion  of  an  appetite,  may  be  thoroughly  assimilated. 

It  was  evident  from  the  above  table  that  Mr.  Sawyer  was  in 
nitrogenous  equilibrium,  because  the  total  nitrogen  for  the  thirteen 
days  was  nearly  constant,  varying  from  a  minimum  of  10.7  gr,  to 
a  maximum  of  12.18  gr.,  the  daily  average  being  11.15  gm. 

The  chlorine  is  the  centre  of  interest,  because  this  inorganic  salt 
comprises  such  a  large  percentage  of  the  inorganic  salts  in  the  urine, 
and  further,  because  of  the  importance  which  recent  work  has 
assigned  to  it  in  metabolism.  Its  gradual  diminution  during  the 
thirteen  days  is  mathematical  proof  of  the  accuracy  of  the  experi- 
ment. The  amount  of  chlorine  excreted,  12.94  gm.,  corresponds 
to  the  figures  which  were  obtained  in  the  experiments  upon  Cetti 
and  Breithaupt,  and  those  of  Belli  and  Wundt.  In  the  first  two 
days  more  salt  was  excreted  than  in  the  remaining  eleven  days,  a 
striking  proof  of  the  tenacity  with  which  the  body  retains  its  chlorine. 
For  the  last  five  of  the  thirteen  days  of  the  experiment  the  excretion 
was  practically  constant  at  0.2  gm.  The  data  show  well  the  limi- 
tations of  the  withdrawal  of  salt,  and  again  furnish  proof  that  only 
about  15  per  cent,  of  the  total  chlorine  in  the  body  can  be  removed. 
Upon  the  conclusion  of  the  experiment  Mr.  Sawer  returned  to  his 
ordinary  diet,  eating,  however,  with  moderation.  Two  days  later 
the  total  quantity  of  chlorine  excreted  was  only  3.5  gm.,  despite  the 
fact  that  he  had  used  rather  more  salt  than  was  customary,  but  after 
four  days  of  the  ortHnary  diet  the  chlorine  amounted  to  25.76  gr., 
and  the  quantity  of  urine  reached  a  total  of  4090  c.c.  For  this  great 
increase  in  the  excretion  of  salt  and  water  we  have  no  explanation, 
and  speculation  is  unprofitable,  because  of  the  unknown  character 
of  the  ingesta.  In  the  next  experiment  we  attempted  to  follow  this 
point  more  closely. 

The  weight  can  be  brought  into  connection  with  the  chlorine, 
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because  both  varied  together.  Sfiwver  lost  2.8  kilogm.  during  tlie 
first  three  days  of  the  experiment,  but  in  the  remaining  ten  days 
only  2.5  kilogm.  Taylor  reports  a  loss  of  1.5  kilogm.  "during  the 
period."  Probably  this  statement  refers  to  the  change  in  weight 
from  his  third  to  ninth  day.  Quite  as  striking  as  the  loss  of  weight 
during  the  experiment  was  the  gain  of  4.1  kilogm.  in  the  first  seventy- 
two  hours  following  its  completion,  AYhereas,  the  addition  of  salt 
to  the  diet  of  a  healthy  person  has  little  efiect,  due  to  its  ready 
elimination,  the  withdrawal  of  salt  from  the  diet  is  of  more  signifi- 
cance, because  along  with  it  goes  a  lowering  of  body  weight  by 
removal  of  water.  This  fact  must  always  be  borne  in  mind  in  any 
experiment  in  which  weight  is  a  factor. 

The  loss  of  10  per  cent,  of  body  water  is  said  to  produce  a  mori- 
bund condition  in  thirsting  animals,  but  the  conditions  of  our  ex- 
periment were  different,  in  that  the  loss  of  water  was  coincident 
with  the  loss  of  salt,  and  so,  in  a  way,  physiological. 

The  intake  of  water  was  nearly  constant,  diminishing  slightly  as 
the  experiment  progressed.  The  possibility  that  this  diminution  in 
the  supply  of  fluid  was  concerned  in  the  loss  of  weight  was  excluded 
in  the  second  experiment  by  keeping  the  intake  of  water  at  a  con- 
stant level  of  2000  c.c.  Less  fluid  was  voided  than  water  drunk, 
corresponding  to  the  well-known  fact  that  a  considerable  percentage 
of  the  water  excreted  passes  out  by  the  lungs  and  skin.  Thirst  was 
not  a  symptom  in  the  experiment,  and,  indeed,  would  appear  to  vary 
with  different  individuals;  thus  Taylor  (weight  80  kilogm.)  desired 
over  2  liters  of  water  daily.  Sawyer  (weight  70  kilogm.)  was  com- 
fortable with  1300  c.c,  and  Smith  (weight  55  kilogm.)  found  only 
a  little  less  than  2  liters  sufficient.  No  constant  relation  can  be 
drawn  between  the  intake  of  water  and  the  excretion  of  urine  in  this 
experiment. 

A  steady  diminution  in  the  excretion  of  phosphoric  acid  took 
place,  but  this  was  not  as  marked  as  was  the  decrease  in  chlorine. 
Our  values  for  phosphoric  acid  are  calculated  as  PjOj,  while  Taylor's 
are  estimated  in  terms  of  PO^.  The  actual  quantity  of  phosphorus 
excreted,  therefore,  was  a  trifle  lower  in  Sawyer's  case  than  in 
Taylor's  experiment. 

The  quantity  of  ammonia  was  fairly  constant  from  beginning  to 
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end,  varying  from  0.94  gm.  on  the  first  day  to  1.26  gm.  on  the  tenth. 
The  ammonia-nitrogen  nitrogen  ratio  was  nearly  uniform  throughout. 
In  per  cent.,  as  well  as  in  absolute  quantity,  it  was,  however,  slightly 
higher  than  the  results  recorded  by  Folin  ("Approximately  Com- 
plete Analyses  of  Thirty  'Normal'  Urines,"  American  Journal  of 
Physiology,  1905,  vol.  xiii,  p.  45,  and  "Laws  Governing  the  Chemi- 
cal Composition  of  Urine,"  American  Journal  of  Physiology,  1905, 
vol.  xiii,  p.  66).  This  is  readily  accounted  for  by  the  fact  that  in 
our  experiment  the  alkaline  salts  of  the  egg  whites  have  been 
removed. 

The  kreatinin  was  the  most  constant  factor  of  all,  the  lowest 
quantity  being  1.47  gm.  and  the  greatest  1.6  gm.  The  percentage 
of  kreatinin-nitrogen  to  the  total  nitrogen  varied  from  4.6  to  5.4. 
This  percentage  is  greater  than  Folin  found  to  be  the  case  with 
his  normal  diets,  but  less  than  that  of  healthy  individuals  on  his 
cream-starch  diet.  This  variation  in  percentage  is  accounted  for 
by  the  total  protein  of  the  ash-free  diet  being  considerably  lower 
than  that  of  the  standard  diet,  and  greater  than  that  of  the  cream- 
starch  diet.  The  total  quantity  of  kreatinin,  however,  was  prac- 
tically the  same;  thus,  Folin  found  the  average  for  thirty  normal 
urines  to  be  1.55  gm.  kreatinin,  and  the  average  in  Sawyer's  case 
was  1.54  gm.  This  is  identical  with  the  calculated  value  for  kre- 
atinin for  an  individual  of  SawAJ-er's  weight,  namely,  1.54  gm.  (22 
milligm.  kreatinin  per  70  kilogm.  body  weight),  a  further  illustration 
of  its  dependence  on  body  protein  rather  than  upon  the  protein  of 
the  food. 

The  uric  acid  nitrogen  was  also  practically  constant,  but  the  per- 
centage was  considerably  lower  than  that  found  by  Folin  in  his 
normal  urines.  This  is  in  conformity  with  his  idea  that  the  actual 
amount  of  uric  acid  diminishes  along  with  the  diminution  of  the  total 
nitrogen,  even  apart  from  the  purin  nitrogen  of  the  food. 

The  urea  represents  the  chief  variable  in  nitrogenous  metabolism. 
It  was  low  in  this  experiment,  due  undoubtedly  to  the  constancy  of 
the  excretion  of  kreatinin  and  the  diminution  in  total  nitrogen. 
Our  values  for  the  undetermined  nitrogen  correspond  to  those 
usually  found. 

The  total  sulphur  in  the  urine  was  only  about  one-third  that 
excreted  by  individuals  living  on  the  standard  normal  diet.     This 
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must  ])e  borne  in  mind  in  tlir  interpretation  of  the  results  obtained 
for  inorganic  and  ethereal  sulphates  and  neutral  sulphur.  The 
ethereal  sulphates  diminished  in  the  same  proportion  as  the  total 
sulphur,  with  *the  result  that  the  percentage  of  ethereal  sulphates 
remains  the  same  as  that  obtained  for  the  healthy  man  on  the 
standard  normal  diet.  The  actual  quantity  of  neutral  sulphur, 
however,  did  not  decrease,  but  stayed  practically  unchanged.  As 
a  result,  the  percentage  of  neutral  sulphur  in  the  urine  rose  from 
the  usual  average  of  5  to  an  average  of  15.3.  Neutral  sul- 
phur thus  behaves  in  a  similar  manner  to  kreatinin.  Our  results 
approximate  those  obtained  by  Folin  in  his  experiments  with  the 
low  protein  or  starch  and  cream  diet.  The  inorganic  sulphates  are 
here  the  variable  which  offsets  the  increased  percentage  of  neutral 
sulphur. 

Our  first  experiment  thus  failed  to  confirm  Taylor's  observation 
upon  the  influence  of  salt-free  diet  on  the  production  of  acetone. 
The  question  thus  stood  simply  one  ex-periment  against  another, 
and  it  seemed  wise  to  perform  a  third  under  slightly  different  con-, 
ditions  to  eliminate  the  personal  equation.  The  subject,  Mr. 
Smith,  weighed  much  less  than  either  Dr.  Taylor  or  Mr.  Sawyer, 
namely,  55  kilogm.  The  experiment  was  begun  on  February  15 
and  ended  February  26,  but  for  four  days  previous  to  it  Mr.  Smith 
lived  upon  a  diet  poor  in  salt.  By  means  of  this  preliminary  and 
partially  salt-free  period  several  days  were  saved,  and  we  were 
enabled  to  study  the  effect  of  the  addition  of  salt  in  the  latter  part 
of  the  experiment  without  too  great  prolongation  of  the  same.  The 
plan  was  successful,  for  upon  the  first  day  the  chlorine  in  the  urine 
was  found  to  have  fallen  to  1.43  gm.  The  details  of  the  experiment 
were  the  same  as  above  reported.  Mr.  Smith  found  the  diet  quite 
as  unpalatable  as  Mr.  Sawyer.  On  the  second  day  he  records  in  his 
notes:  "Felt  well  except  for  slight  nausea  after  meals."  The 
nausea  persisted,  but  on  the  fifth  day  was  less  and  did  not  return 
until  the  ninth  day.  Flatulency  was  noted  on  the  third  day,  with 
cramp-like  pains  and  heaviness  in  the  epigastrium,  and  upon  several 
of  the  days  the  stool  was  loose.  Some  loss  of  energy  was  manifest 
on  this  and  the  subsequent  days,  but  it  had  disappeared  by  the 
seventh,  when  the  record  states,  "No  nausea,  felt  well;"  and  on 
the  eighth,  "No  nausea,  appetite  good."     The  ninth  day  of  the 
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experiment  was  a  trving  twenty-four  hours.  "Considerable  nausea 
all  day;  had  great  difficulty  in  eating  my  meals,  on  account  of 
the  nausea  and  sense  of  fulness.  Felt  weak  and  in  low  spirits; 
some  abdominal  distress;"  but  the  symptoms  improved  the  fol- 
lowing morning  (tenth  day):  "Passed  a  good  night,  and  felt  much 
better;  nausea,  however,  was  marked  all  through  the  forenoon." 
Twelve  gm.  of  salt  were  now  added  to  the  daily  diet,  and  the  follow- 
ing change  in  the  record  is  interesting:  "At  lunch  took  salt  for  first 
time  with  great  relish.  All  nausea  and  epigastric  distress  disap- 
peared after  lunch;  in  evening  felt  very  decided  increase  in  strength 
and  energy."  Eleventh  day:  "Xo  nausea  or  distress  of  any  kind; 
great  improvement  in  tone,  physical  and  mental."  It  is  only  fair 
to  state  that  Mr.  Smith  was  aware  that  within  three  days  from  the 
commencement  of  his  taking  salt  the  experiment  would  definitely 
end;  whereas,  up  to  this  point  the  duration  of  the  experiment  was 
indefinite.  He  himself  felt  that  "Hope  long  deferred  maketh  the 
heart  sick,"  and  was  not  positive  that  the  improvement  in  his  feelings 
was  wholly  due  to  the  salt. 

The  urine  was  examined  for  the  first  ten  days  daily  for  albumin, 
sugar,  acetone,  and  diacetic  acid,  but  all  of  these  substances  were 
absent.  The  color  remained  normal  throughout.  The  examina- 
tion of  the  urinary  sediment  revealed  no  abnormal  elements.  Table 
IV  contains  the  result  of  the  analyses. 

Table  IV. 


Day. 

H.,0 

Urine. 

N. 

NH3. 

nia— N. 

c.c. 

c.c. 

gm. 

gm. 

% 

1 

1820 

1810 

10.9 

0.58 

4.4 

2 

1500 

1-100 

11.1 

0.61 

4.5 

3 

1500 

1190 

9.8 

0.64 

5.4 

4 

1500 

1340 

9.7 

0.80 

6.6 

5 

2000 

1250 

8.4 

0.75 

7.3 

6 

2000 

1730 

10.4 

0.98 

8.2 

7 

2000 

1360 

9.8 

0.94 

7.9 

8 

2000 

1540 

9.9 

0.94 

7.9 

9 

2000 

1400 

9.9 

0.96 

7.9 

P205 


Specific 
gra\'ity. 


CI. 


gm. 

2.08 

1.09 
0.85 
0.85 
0.81 
0.89 
0.80 
0.74 
0.72 


1009 

1009 
1010 
1008 
1008 
1007 
1008 
1007 
1009 


gm. 

1.43 

1.11 
0.65 
0.49 
0.46 
0.63 
0.25 
0.28 
0.17 


Weight. 


t 


kilogms. 
*55.5 
54.8 
54.3 
54.1 
53.6 
53.3 
53.1 
53.1 
52.7 
52.4 


Addition  of  12  grams  NaCl  to  daily  diet. 

10 

u 

12 

2000 
2000 
2000 

670 
510 
980 

10.1  1.08 
9.6    1.21 

11.2  ,  1.32 

8.8    0.42    1018 

10.3    0.50  j   1026 

9.7    0.88    1018 

1.06 
2.26 
4.64 

.53.2 
54.2 
54.6 

*  Weight  at    commencement   of   experiment;    other  weights  are  those  obtained   at  close 
of  each  subsequent  twenty- four  hours. 
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Feces.  Considerable  difficulty  was  experienced  in  drying  the  feces. 
They  were,  therefore,  first  extracted  with  petroleum  ether,  and  this 
extract  made  up  to  1000  c.c.  The  fat  and  nitrogen  were  then  deter- 
mined in  residue  and  extract  separately,  and  the  results  combined. 
Before  extraction  the  weight  of  the  feces  was  113  gm.;  after  gross 
extraction,  51 .62  gra.  dried  to  constant  weight.  The  total  quantity  of 
fat  extracted  from  the  feces  was  80.30  gm.,  and  as  the  amount  of  fat 
ingested  during  the  nine  days  was  1080  gm.,  the  quantity  of  fat 
absorbeil  was  92  per  cent.  The  nitrogen  in  the  dried  feces  amounted 
to  2.992  gm.  If  the  nitrogen  in  the  diet  is  reckoned  as  103.5  gm., 
the  absorption  of  nitrogen  was  97  per  cent. 

Water  Intake.  It  was  intended  to  allow  but  1500  c.c.  of  water 
daily,  but  thirst  became  so  troublesome  that  this  quantity  was 
increased  on  the  first  day,  and  permanently  changed  to  2000  c.c. 
from  the  fifth  day  on.  It  is  interesting  to  note  that  the  quantity  of 
urine  was  only  slightly  greater  than  in  the  experiment  with  Sawyer 
or  in  Taylor's  experiment.  The  average  daily  quantity  of  urine  in 
Taylor's  experiment  was  1172  c.c,  in  Sawyer's  1240  c.c,  and  in 
Smith's  1445  c.c. 

Chlorine.  The  chlorine  was  but  1.43  gm.  on  the  first  day,  due,  as 
has  been  said,  to  the  partial  salt-free  diet  for  the  previous  four  days. 
It  then  decreased,  with  slight  variations,  until,  upon  the  ninth  day,  the 
total  quantity  of  chlorine  was  0.17  gm.,  the  limit  reached  in  the 
experiment  wdth  Sawyer,  and  0.2  gm.  lower  than  that  attained  by 
Taylor.  No  sign  of  acetone  or  diacetic  acid  appearing,  12  gm.  of  salt 
(7.11  gm.  chlorine)  were  added  to  the  diet.  It  will  be  seen  that 
nearly  the  whole  of  this  quantity  was  retained  in  the  body,  for  on  the 
following  day  only  1.6  gm.  were  eliminated,  and  even  on  the  next 
day  only  2.26  gm.  chlorine,  but  during  the  third  day  of  the  adminis- 
tration of  salt  the  chlorine  excreted  showed  a  decided  increase,  and, 
presumably,  an  equilibrium  was  soon  obtained.  Neither  upon 
these  three,  nor  during  the  following  days,  was  a  polyuria,  as  in 
Saws'er's  case,  observed.  Thirty-one  per  cent.,  or  12.83  gm.  chlorine, 
were  retained  in  these  three  days. 

The  loss  of  weight  was  less  than  in  Sawyer's  case.  The  reason  is 
evident,  because  in  the  few^  days  preceding  the  experiment  the  salt 
in  the  diet  had  been  restricted,  and  during  this  period  the  weight  fell 
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al)oiit  two  pounds.  On  the  morning  of  the  tenth  day  the  weight  was 
52.4  kilogm.  Coincident  with  the  administration  of  salt  this  rose 
in  the  following  seventy-two  hours  2.2  kilogm.  Corresponding  to 
this  increase  in  weight  was  a  retention  of  water  by  the  body,  which 
is  at  once  manifest  by  the  diminution  in  the  urine  during  this  period. 

The  average  quantity  of  nitrogen  eliminated  in  the  urine  per  day 
in  Taylor's  experiment  was  10.04  gm.,  in  Sawyer's  11.2  gm.,  and  in 
Smith's  experiment  9.99  gm.  The  closeness  of  the  three  results  is 
of  considerable  interest,  because  of  the  difference  of  weight  of  the 
three  individuals,  Dr.  Taylor  weighing  SO  kilogm.,  Mr.  Sawyer  70 
kilogm.,  and  Mr.  Smith  55  kilogm.  The  ease  of  the  establishment 
of  nitrogenous  equilibrium  on  the  same  diet  for  these  different 
weights  is,  of  course,  well  known,  but  ever  striking.  The  absorption 
of  protein  in  Smith's  case,  as  in  Sawwer's,  was  excellent.  The  addi- 
tion of  salt  to  the  diet  increased  the  elimination  of  nitrogen  in  the 
urine,  despite  its  smaller  volume,  by  3  per  cent.,  but  this  is  a  quantity 
too  small  to  be  of  significance.  This  observation  corresponds  to  the 
more  recent  views  upon  the  action  of  salt  on  nitrogenous  metabolism. 

The  absolute  amount  of  ammonia  rose  slightly  as  the  experiment 
advanced,  but  for  this  we  have  already  given  a  partial  explanation.  < 
Upon  the  twelfth  day  of  the  experiment  (following  the  addition  of 
12  gm.  of  salt  to  the  diet  for  three  successive  days)  the  amount  of 
ammonia  was  greater  than  the  quantity  of  ammonia  obtained  by 
Taylor  upon  the  last  day  of  his  experiment.  Any  lingering  doubt 
as  to  the  slight  increase  in  ammonia  obtained  by  Taylor  on  the  last 
day  of  his  experiment  being  dependent  upon  the  diminution  of 
chlorine  in  the  diet  was  thus  dispelled. 

While  engaged  in  this  work,  a  patient  with  diabetes  came  under 
our  observation  whose  diet  by  chance  contained  an  extremely  small 
amount  of  salt.  The  case  presented  at  first  a  mild  form  of  diabetes, 
with  diffuse  nephritis,  but  during  a  febrile  attack  the  positive  carbo- 
hydrate balance  of  60  gm.  changed  to  a  minus  carbohydrate  balance 
of  the  most  intense  type.  Upon  the  thirteenth  day  of  observation 
the  quantity  of  sugar  in  the  urine  was  157  gm.,  while  the  diet  con- 
tained only  75  gm.  carbohydrates,  thus  giving  a  minus  carbohydrate 
balance  of  82  gm.  This  is  about  the  maximum  quantity  of  carbo- 
hydrates which  jcould  have  been  formed  out  of  the  protein  25  gm. 
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nitrogen  x  6^  =  1 56  gm.  albumin  metabolized  on  this  clay.  From  this 
quantity  of  albumin  it  is  customary  to  consider  that  (156  x  60)  94  gm. 
carbohydrate  can  be  formed.  Despite  the  seyerity  of  the  case,  the 
acidosis  was  only  moderate,  and  upon  this  day  there  was  but  1.4  gm. 
ammonia.^  It  is  true,  16  gm.  of  sodium  bicarbonate  were  adminis- 
tered in  the  twenty-four  hours,  but,  as  is  well  known,  such  a  {juantity 
will  lower  the  ammonia  only  about  20  per  cent.  On  the  eleventh 
day  of  observation  the  chlorine  in  the  urine  was  2  gm.,  on  the  fifteenth 
day  1.03  gm.,  on  the  seventeenth  day  0.38  gm.,  and  on  the  eighteenth 
day  0.39  gm.  On  the  following  day  it  began  to  rise  as  the  low 
chlorine  was  discovered,  and  salt  was  added  to  the  diet.  The 
observations  made  upon  this  patient  do  not  favor  the  view  that  a 
small  quantity  of  salt  in  the  diet  of  a  diabetic  patient  increases  the 
tendency  to  acidosis,  because  the  general  condition  of  the  patient 
was  better  on  the  days  with  low  chlorine  excretion  than  in  either  the 
preceding  or  following  periods,  and  the  actual  acidosis,  as  measured 
by  the  excretion  of  ammonia,  was  not  notably  affected.  We  would 
not  attach  too  much  significance,  however,  to  this  observation, 
because  the  excretion  of  chlorine  may  be  variable  even  in  the  presence 
.  of  a  mild  nephritis.  The  data  of  the  case  are  recorded  in  Table  V. 
It  is  of  interest  that  upon  the  sixty-second  day  there  was  again  a 
positive  carbohydrate  balance  of  69  gm. 

Conclusions.  The  results  of  our  experiments  upon  two  healthy 
individuals  placed  upon  an  ash-free  diet  for  periods  of  thirteen  and 
nine  days,  respectively,  show  no  marked  changes  in  metabolism. 
They  simply  represent  the  withdrawal  of  accessory  salts  from  the 
body.  They  confirm  the  views  of  earlier  writers,  that  it  is  practically 
impossible  to  diminish  the  chlorine  of  the  body  by  more  than  10  to 
14  per  cent.,  and  that  the  loss  of  water  is  proportionate  to  this.  No 
remarkable  symptoms  appeared,  and  those  that  occurred  were  rather 
less  than  would  be  expected  from  such  a  diet,  even  though  it  con- 
tained a  normal  quantity  of  salts.     AVe  do  not  feel  that  they  afiord 

1  Such  a  severe  case  of  diabetes  -n-ith  so  slight  an  acidosis  suggests  a  pancreatic  origin,  as 
described  by  Brugsch  (Die  Therap.  der  Gegenw.,  1906,  p.  337)  and  Hirschfeld  (Bed.  klin. 
Woeh.,  1905,  vol.  xlii,  p.  1609).  No  support  for  this  opinion  is  furnished  by  the  analysis  of 
the  feces  which  was  made  for  me  by  Dr.  F.  B.  Talbot:  Total  feces,  360  gm.;  total  dried 
feces,  20.758  gm.;  per  cent,  nitrogen,  4.2;  neutral  fat,  1.9;  fatty  acid,  3.9;  soap,  5.2;  total 
fat,  11.      Total  nitrogen  in  feces,  0.871  gm.     Total  fat  in  feces,  2.283  gm. 
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a  basis  for  any  far-reaching  deductions  as  to  changes  in  metabohsm, 
and  they  certainly  give  no  support  to  the  view  that  the  withdrawal 
of  salts  from  the  diet  will  cause  an  acidosis  of  the  acetone  variety. 
Clinical  observations  upon  the  effect  of  the  diminution  of  salt  in  a 
severe  case  of  diabetes  are  in  harmony  with  our  experiments. 

Table  V. 


Day. 

Vol. 

c.c. 

1 

1200   1 

4 

3000 

5 

4440 

9 

4900 

11 

4740 

12 

5520  ; 

13 

3930 

14 

3180 

15 

3330   1 

16 

3510 

17 

3120 

18 

3180 

19 

2400 

20 

5280 

21 

2100 

22 

5910 

23 

5280 

24 

2400 

27 

2700. 

30 

3360 

62 

1560 

NH3. 


Urine. 
Total 
sugar. 


23.0 

25^6 

27 ;  6 

23!  6 
22.0 
17.0 

iois 

25.8 
23.5 
17.3 

17.6 


gm. 
1.4 
2.8 
3.6 
3.4 
1.2 

i;4 

1.1 
2.3 
2.4 
2.7 
3.2 
2.4 
3.3 
1.9 
3.7 


gm. 

34 

66 

142 

ii9 

166 

157 

102 

107 

133 

119 

102 

72 

116 

63 

100 

106 

77 

76 

54 

0 


Total 
carb. 


NaHCOa. 


gm. 
96 
134 
158 
91 
70 
83 
73 
48 
38 
38 
35 
30 
50 
20 
44 
52 
17 
38 
50 
40 
69 


gm. 
16 
16 
16 
32 
24 
20 
16 
16 
16 
16 
16 
20 
20 
20 


16 

12 


Carb. 
bal. 


gm. 
+62 
+58 
+16 

-49 
—83 

-84 
-54 
-69 
—95 
-84 
—72 
—22 
—96 
—  19 
-48 
-89 
-39 
-26 
—14 
+69 


CI. 


2.00 


1.03 

0.38 
0.39 
0.79 
2.56 
1.53 
7.93 
3.84 
3.48 
5.25 


DISCUSSION. 

Dr.  David  L.  Edsall:  I  would  say  that  I  feel  quite  convinced,  having 
had  occasion  to  know  Dr.  Taylor's  \iews  on  this  question,  that  either  through 
his  fault  or  the  fault  of  Dr.  Joslin  he  has  been  misunderstood.  I  am  sure  that 
Dr.  Taylor  meant  his  experiments  as  having  no  bearing  on  the  acidosis  of  dia- 
betes, or  any  other  acidosis  that  occurs  as  a  consequence  of  the  disturbance  of 
the  metabolism  of  carbohydrates  or  fats.  He  considers  these  observations 
that  he  has  reported  as  indicative  more  of  what  we  were  speaking  of  in  connection 
with  Dr.  Ewing's  paper,  namely,  that  there  are  at  least  two  types  of  acidoses, 
due  at  least  to  two  types  of  causes,  and,  probably,  many  more  types  of  causes. 
I  do  not  think  he  considers  that  the  question  of  acidosis  is  directly  related  to 
the  metabolism  of  fats.  The  fact  that  he  got  e\idences  of  acidosis  in  himself 
would,  to  my  mind,  indicate  simply  another  evidence  of  the  matter  that  we  spoke 
of  in  connection  with  Dr.  Ewing's  paper,  namely,  that  acidosis  from  various 
causes  may  occur,  and  this  may  be  one  of  the  causes.  The  fact  that  Dr.  Joslin 
did  not  get  it  in  all  other  persons  is  comparable  to  the  fact  that  in  various  types 
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of  disease  you  may  get  acidosis,  and  at  other  times  you  may  not  get  acidosis. 
That  Dr.  Taylor  has  pretty  positively  proved  that  he  could  cause  an  acidosis 
in  himself,  without  any  type  to  that  acidosis,  seems  to  me  to  indicate  that  acidosis 
may  occur  as  a  consequence  of  any  salt  free  diet.  But  I  think  he  is  quite  dis- 
tinct in  his  view  that  diabetic  acidosis  is  due  chiefly  to  fat  metaboHsm,  and  that 
his  experiments  have  no  bearing  upon  that. 

Dr.  James  Ewixg:  I  had  drawn  the  same  conclusion  that  Dr.  Joslin  has; 
that  is,  that  Dr.  Taylor  felt  that  his  work  had  a  bearing  upon  diabetic  acid  intoxi- 
cation. It  seems  to  me,  notwithstanding  the  conclusions  of  Dr.  Edsall,  that  it 
has  a  bearing  upon  diabetic  acidosis  because  it  is  the  withdrawal  of  the  alkalies 
of  the  body  which  is  supposed  to  produce  the  s\7nptoms.  Dr.  Taylor  withdrew 
the  alkalies  and  got  symptoms  which  he  describes  very  clearly.  It  seems  to 
me  that  this  is  just  the  central  point  in  the  whole  doctrine  of  acid  intoxication — 
how  much  disturbance  of  the  tissue  alkaUes  can  be  suffered  without  s\Tiiptoms. 
And  Dr.  Taylor  undertook  to  throw  light  upon  this  question  by  withdrawing  the 
alkalies  from  the  food.  I  should  like  to  point  out  that  this  type  where  the  acidosis 
is  due  to  loss  of  alkalies  in  the  body  is  quite  a  different  thing  from  an  increase  of 
acid  products. 

I  should  like  to  ask  Dr.  Joslin  to  give  a  little  more  in  detail  the  sjonptoms 
which  the  patients  showed  on  the  withdrawal  of  the  alkalies. 


THREE  CASES  OF  ANEMIA  IN  CHILDREN. 
By  M.  H.  FUSSELL,  M.D.,  and  W.  W.  CADBURY',  M.D. 

PHILADELPHIA. 


The  three  cases  of  anemia  in  children  herewith  reported  are 
brought  before  the  society  with  the  hope  that  they  may  be  a  help  in 
classifying  cases  of  this  condition,  which  are  so  confusing  during 
the  life  of  the  individual.  All  of  these  cases  have  been  studied 
clinically  and  at  autopsy,  together  with  histological  study  of  (he 
tissues. 

Case  I. — Arthur  B.,  born  August  20, 1906.  First  and  only  child;  there  were 
no  other  pregnancies.  Born  naturally.  Raised  on  breast;  weaned  at  twelve 
months.     Dentition  at  seven  months  apparently  normal. 

Family  History.  Presents  no  striking  features,  excepting,  possibly,  the  fact 
that  the  parents  of  the  child  are  first  cousins;  that  the  maternal  grandmother 
suffered  an  attack  of  melancholia  last  year,  receiving  treatment  at  the  Phila- 
delphia Hospital.  There  is  no  history  of  any  blood  disease  ascertainable,  and 
no  venereal  history  was  elicited. 

Child  was  attacked  with  facial  eczema  at  six  months  of  age,  lasting  two 
months,  leaving  scars.  When  the  child  was  a  few  months  old  he  suffered  occa- 
sional attacks  of  cramps,  diarrhea  associated  with  green  stools.  This  condition 
occurred  at  intervals  to  his  death.  At  eight  months  of  age  the  parents  noticed 
a  swelling  in  the  left  of  his  upper  abdomen.  This  increased;  at  this  time  they 
also  noticed  beginning  pallor  and  failure  of  the  child  to  take  on  fat.  He  was 
now  taken  to  the  Samaritan  Hosptal.  Dr.  Babcock  discovered  enlarged  spleen, 
and  suggested  .I'-ray  treatment  over  the  spleen.  He  was  .r-rayed  ten  or  twelve 
times  (twice  a  week),  with  no  appreciable  improvement  in  the  condition  of  the 
spleen  or  general  health.  No  blood  examination  was  made.  Patient  was  taken 
to  Dr.  J.  A.  Moore  on  September  10,  1907.  The  child  was  emaciated,  lan- 
guid, weak,  and  pallid.  The  heart  and  lungs  were  apparently  normal.  Spleen 
below  umbilicus  and  liver  somewhat  enlarged.  The  child's  appetite  was  good, 
but'there  was  no  gain  in  weight.  The  child  was  weaned  and  put  on  modified 
milk  mixture,  with  some  vomiting  resulting;  this  became  rather  severe  not- 
withstanding efforts  to  check  it,  and  continued  occasionally  until  death,  which 
occurred  suddenly  on  September  20,  1907,  the  child  suffering  a  sharp  attack  of 

'  Not  a  member. 
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dyspnea,  with  what  seemed  to  be  acute  cardiac  dilatation  of  the  heart,  probably 
induced  by  the  strain  of  the  vomiting. 

Blood  Examination.  Red  blood  corpuscles,  2,484,000;  hemoglobin,  30  per 
cent.;  white  cells,  56,400. 

Differential  Count.         Count  of  500. 

Polynuclear  neutrophiles 350  70.0  per  cent. 

Pol}Tiuclear  eosinophiles 15  3.0  " 

Polynuclear  basophiles 10  2.0  " 

Small  lymphocytes 34  6.8  " 

Large  Ivmphocytes 7  1.4  " 

Transitional 20  4.0  " 

Myelocytes,  neutrophilic 60  12.0  " 

Myelocytes,  eosinophilic 4  0.8       " 

500  100.0       " 

Many  nucleated  reds,  many  degenerated  reds,  much  poikilocytosis. 

Autopsy  Xotes.  Arthur  B.,  aged  one  year  and  one  month;  died  Friday  night, 
September  20,  1907.     Autopsy,  September  21,  1907. 

The  child  measures  twenty-nine  inches.  Rigor  mortis  absent.  Excoriations 
under  nose  and  on  right  cheek.  On  cutting  tlirough  the  skin,  the  superficial 
fat  is  well  preserved  and  remarkably  pale. 

The  belly  wall  is  apparently  very  thin.  The  muscles  are  thin  and  extremely 
pale;  on  separating  the  sternum,  no  blood  flows  of  any  account.  The  thjonus 
gland  extends  down  to  the  top  of  the  heart.  The  heart  is  very  much  dilated,  the 
right  edge  being  on  a  level  with  the  right  costosternal  junction.  Liver  reaches 
far  below  the  ribs,  within  an  inch  and  a  half  of  the  umbilicus. 

The  intestines  are  empty.  The  spleen  is  enlarged,  lobulated,  and  reaches  to 
the  pubic  bone. 

The  mesenteric  glands  are  very  much  enlarged.  The  appendix  is  long  and  in 
normal  position.     Apparently  enlarged  sigmoid  flexure. 

The  glands  in  the  mesocolon  are  also  very  much  enlarged.  The  pancreas  is 
quite  normal  in  size,  but  there  seems  to  be  a  huge  dilatation  of  the  splenic  vein. 
The  gall-bladder  is  normal,  filled  with  bile,  and  the  ducts  are  patulous.  The 
portal  vein  is  huge.  The  left  lung  is  retracted  and  free  from  any  gross  disease. 
The  right  lung  is  crepitant  throughout  like  the  left,  and  there  is  no  consolidation. 
The  right  kidney  is  normal  in  size  and  is  peculiarly  but  slightly  lobulated.  Left 
kidney  the  same.  The  heart  is  normal  in  size,  and,  apart  from  the  before- 
mentioned  dilatation,  there  is  no  abnormality.  Valves  and  muscles  normal. 
The  pancreas  is  normal  in  appearance  and  consistency.  The  stomach  is  not 
dilated;  no  external  evidence  of  any  inflammatory  condition;  contains  a  few 
curds  of  milk.  The  small  intestines  are  thin;  absolutely  no  gross  appearance 
of  disease,  but  the  external  mesenteric  glands  are  extremely  enlarged.  The 
large  intestines  are  empty;  no  signs  of  ulceration.  Spleen  weighs  eight  ounces, 
lobulated;  looks  not  unlike  a  kidney  in  a  child  of  this  size.     The  spleen  cuts 
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with  some  difficulty,  grates  under  the  knife.     The  liver  weighs  one  pound  and 
five  and  one-half  ounces;  pale  and  hard. 

Histological  Examination.  Liver:  Under  low  power,  liver  shows  in  certain 
portions  slight  increased  connective  tissue.  In  certain  areas  there  are  small  col- 
lections of  lymphatic  cells.  There  is  some  swelling  of  the  liver  cells.  There  is 
no  thickening  of  the  walls  of  the  bloodvessels. 

Lung:  There  is  no  thickening  of  the  bloodvessels.  Air  vessels  in  certain 
places  are  filled  with  desquamated  material.  There  is  no  collection  of  l}Tn- 
phatic  cells.     There  are  also  some  epithelial  cells  within  the  air  vessels. 

Intestine:  Shows  absolutely  no  pathological  change. 

Suprarenal  Gland:  This  shows  no  change. 

Lymphatic  Gland:  Shows  some  increase  of  connective  tissue,  bloodvessels 
somewhat  thickened;  some  hyperplasia  of  lymphoid  elements. 

Pancreas:  Shows  postmortem  change;  no  infiltration. 

Heart  Muscle:  Shows  no  degenerative  changes. 

Kidney:  Shows  some  degeneration  of  cells  and  here  and  there  round-celled 
infiltration;  the  tubules  are  in  places  blocked  by  degenerated  epithelium.  De- 
generation of  cells  lining  tubules. 

Spleen:  Shows  increase  of  connective  tissue  and  some  hyperplasia  of  the 
splenic  pulp. 

Case  II. — Anna  R.,  aged  seven  years,  was  admitted  to  St.  Mary's  Hospital, 
Philadelphia,  December  18,  1907,  with  a  diagnosis  of  leukemia.  It  transpired 
that  the  diagnosis  was  based  on  the  presence  of  anemia  and  enlarged  spleen. 
It  was  impossible  to  get  any  history  from  the  child  or  from  the  parents,  except 
that  she  had  been  sick  for  some  months  and  had  some  attacks  of  vomiting  blood. 
She  had  vomited  blood  December  13,  1907,  which  was  preceded  by  severe  pain 
in  the  epigastrium. 

On  examination  she  was  extremely  blanched,  sclera  were  pearly,  the  belly 
was  not  distended,  there  was  marked  peripheral  pulsation;  no  enlargement  of 
superficial  glands;  the  jugulars  were  full,  but  did  not  pulsate;  marked  pulsation 
in  the  axillary  vessels;  very  diffuse  cardiac  impulse. 

Heart:  The  apex  beat  can  be  seen  and  felt  in  the  fifth  interspace,  mid-axillary 
line.  Deep  dulness,  right,  at  right  corner  of  sternum,  upper  third  rib;  left,  one- 
half  inch  outside  mid-clavicular  line.  At  aortic  cartilage  is  a  systolic  murmur. 
At  pulmonary  cartilage,  there  is  a  loud,  soft,  double  murmur;  at  left  second 
interspace  there  is  a  double  murmur,  consisting  of  a  short  pre-systolic  and  long 
systolic;  the  first  sound  is  sharp  and  flappy;  the  same  character  of  murmur  is 
heard  over  the  body  of  the  heart,  the  marked  part  being  systolic. 

Lungs:  No  consolidation,  but  left  base  is  duller,  beginning  just  below  angle 
of  scapula,  and  merging  into  what  is  normally  splenic  dulness. 

Spleen:  The  edge  can  be  easily  felt  one-half  inch  below  the  edge  of  the  ribs. 

Liver  is  not  palpable. 

December  2.3,  1907.  The  cardiac  pulsation  diffuse  and  rapid.  Left  line  of 
dulness  is  almost  in  the  axillary  line.     The  right  line  of  dulness  is  at  the  right 
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edge  of  the  sternum,  at  the  upper  border  of  the  third  ril).  Apex  beat  is  in  the 
fifth  interspace  mid-clavicular  line.  A  thrill  is  felt,  which  is  possibly  due  to 
rapid  action  of  the  heart,  as  it  is  apparently  systolic  in  time.  Over  the  aortic 
cartilage  is  a  soft  systolic  murmur;  over  the  pulmonary  cartilage  is  a  systolic 
murmur  preceded  by  a  rough  pre-systolic  murmur;  the  same  double  murmur 
is  heard  over  the  body  of  the  heart.  The  systolic  element  is  always  louder,  the 
pre-systolic  being  louder  at  left  fourth  interspace  near  the  parasternal  line. 

The  spleen  is  not  as  easily  felt  as  on  last  examination.  The  splenic  dulness 
reaches  from  the  eighth  rib  posteriorly  to  the  eighth  rib  mid-axillary  line,  and 
follows  this  line.  The  edge  of  the  spleen  can  be  felt,  but  not  nearly  as  easily  as 
at  first  examination.     Very  marked  pulsation  in  vessels  of  the  neck. 

The  patient  breathes  with  long  inspiration;  she  is  extremely  pale;  the  eyes 
do  not  react  to  light;  she  is  semiconscious;  pulse  rather  slow,  is  feeble  and 
irregular. 

Heart:  Dulness,  mid-sternum,  second  rib,  almost  anterior  axillary  line,  at 
aortic  cartilage,  sounds  fairly  clear;  at  pulmonary  cartilage  there  is  a  systolic 
murmur.  Over  the  body  of  the  heart  there  is  a  sharp  pistol-like  sound  with  the 
systole.     The  pre-systolic  element  is  not  present. 

December  26, 1907.  Sudden  collapse  and  vomiting  of  large  quantity  of  blood. 
Anterior  breath  sounds  normal.  Posterior  breath  sounds  quite  normal..  Same 
dulness  which  is  supposed  to  be  the  liver  dulness  still  exists,  and  same  dulness 
posterior  on  left,  which  is  supposed  splenic  dulness. 

Abdometi:  In  the  median  line,  just  above  umbilicus,  is  a  hard,  bullet-Hke 
mass,  which  w^as  not  before  observed.  The  mass  is  not  reducible  and  is  exactly 
in  median  line,  and  gives  the  sensation  to  the  finger  of  a  possible  hernia.  The 
abdomen  is  distended,  not  particularly  rigid,  with  deep  inspiration  it  becomes 
flaccid,  but  becomes  stiff  with  expiration.  The  liver  dulness  is  normal.  In  the 
median  line,  just  below  the  umbilicus,  is  a  spot  of  ecchymosis;  but  uncertain 
because  of  light.     No  dulness  in  flanks. 

Urine  was  normal. 

Stools  were  negative] for  ova  or  parasites. 

TemperaturelvaTiged^hetVi'een  100°  and  101°  imtil  the  onset  of  the  hemorrhage, 
when  it  became  subnormal. 

Blood:  December  17,1 907— 

Red  blood  cells 1,375,000 

^Miite  blood  cells 6,400 

Hemoglobin 20  per  cent. 

Differential  Count. 

Pol}Tiiorphonuclear 66  per  cetit. 

Small  lymphocytes '     .      .  22  " 

Large  IjTnphocjtes 8  " 

Transitional 3  " 

Eosinophiles 1  " 

Little  {wikiloc^'tosis. 
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Aidopfty  hy  Dr.  Cadbury. 

General  Appearance:  The  body  is  that  of  a  fairly  well  nourished  little  girl, 
measuring  110  cm.  in  length.  The  skin  and  mucous  membranes  are  intensely 
pallia. 

Pupils  are  equal  and  dilated. 

External  Genitalia:  Apparently  normal.  Xo  edema.  Slight  rigor  mortis. 
There  is  a  slight  postmortem  lividity  over  groins  and  abdomen,  not  in  dependent 
parts. 

Peritoneal  Cavity:  There  is  a  small  amount  of  fat  in  omentum,  Panniculus 
adiposus  contains  a  small  amount  of  fat.  The  serous  surfaces  are  very  pale, 
but  there  are  no  adhesions,  and  there,  is  no  fluid.  The  appendix  is  thin  and 
delicate  and  lies  on  the  brim  of  the  pelvis. 

Diaphragm:  Right  side  reaches  to  the  fourth  space;  left  side  reaches  to  the 
fifth  ril). 

Thoracic  Cavity:  On  removing  the  sternum  the  lungs  collapse.  Both  pleurae 
are  free  from  fluid  and  adhesions.  The  right  lung  is  very  pale,  gray  in  color, 
and  everywhere  crepitant.  On  section,  profuse  frothy  fluid  exudes.  At  the 
base  of  the  lung  there  is  slight  congestion,  but  no  consolidation.  The  left  lung 
is  the  same  as  the  right,  but  no  signs  of  congestion. 

Pericardial  Cavity:  Serous  surfaces  smooth  and  glistening.  Slight  excess  of 
clear,  straw-colored  fluid. 

Heart:  Weight,  130  gm.;  measures  9.5  cm.  x  8  cm.  Heart  is  not  enlarged. 
All  the  valves  are  thin,  delicate,  and  apparently  normal.  ^Myocardium  of  normal 
thickness.     Aorta  normal. 

Liver:  Is  slightly  enlarged;  weight,  620  gm.;  measures  17  cm.  x  13  cm.  x  7  cm. 
The  external  surface  is  smoot  hand  of  a  very  pale  chocolate-pink  color.  On 
section  the  cut  surface  is  smooth.  No  blood  exudes,  and  the  capsule  of  Glisson 
is  not  increased.  One  of  the  branches  of  the  hepatic  vein,  including  its  radicles, 
is  found  occluded  by  a  thrombus.  In  the  smaller  radicles  this  is  white;  in  the 
trunk  it  is  red. 

Gall-bladder:  Contains  dark,  green  bile.     The  ducts  are  patulous.    , 

Pancreas:  Very  pale;  yellow  in  color.     Apparently  normal. 

Kidney:  Left,  weight  7012.  Capsule  strips  easily  lobulated.  The  color  is 
almost  canary-yellow;  slight  pink  tint.  The  sectional  surface  is  likewise  very 
pale  in  appearance.  Right  kidney  presents  same  in  appearance  as  left,  except 
that  the  cortex  is  not  quite  so  thick.  The  left  adrenal  is  normal.  The  right  is 
not  seen. 
.  Uterus  and  bladder  are  normal. 

Spleen:  Weight,  110  gm.;  measures  11.5  cm.  x  6.5  cm.  x  3  cm.  Increased  in 
consistency.  The  exterior  surface  is  pale  and  smooth.  On  section  the  tra- 
beculfe  are  increased  and  prominent. 

Esophagus:  INIucous  membrane  very  pale.  Above  the  cardia  and  also  in  the 
stomach  just  below  the  cardiac  orifice  a  few  tortuous  veins  are  seen,  and  some 
ecch-\anosis.     The  stomach  is  negative. 
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Intestines:  Negative,  except  for  intense  anemia  of  mucous  membrane. 

Histological  Study.  Specimens  for  histological  study  were  cut  from  the  heart, 
liver,  pancreas,  spleen,  kidney,  esophagus,  and  rib. 

Heart:  Epicardium  shows  a  decreased  amount  of  fat;  otherwise  normal. 
The  endocardium  is  normal.  INIuscle  nuclei  and  fibers  normal.  No  pigment. 
No  fragmentation. 

Liver:  Capsule  normal.  Fibrous  tissue  normal.  The  nuclei  of  liver  cells 
are,  for  most  part,  well  defined.  There  is  extensive  fatty  infiltration,  especially 
in  liver  cells  near  central  veins.  Toward  the  periphery  of  the  lobule  the  infil- 
tration disappears.  There  is  a  slight  degree  of  fatty  degeneration  also  apparent. 
In  one  section  of  the  liver  is  seen  a  large  thrombus  occupying  one  of  the  larger 
vessels.     The  clot  is  practically  organized  as  margins. 

Pancreas  shows  no  abnormal  changes. 

Spleen:  The  capsule  is  thickened  and  the  trabeculse  are  thick  and  very  nu- 
merous. Besides  these,  there  are  other  bands  of  connective  tissue,  and  extensive 
proliferation  of  fibrous  tissue  is  noted.  The  walls  of  capillaries  are  also  thick- 
ened. There  appears  no  proliferation  of  cellular  elements  of  parench\Tna,  and 
the  Malpighian  bodies  are  less  compact  than  usual.  The  increase  of  fibrous 
tissue  is  especially  marked  toward  the  region  of  the  capsule. 

Kidney:  Capsule  absent.  No  increase  of  fibrous  tissue.  The  nuclei  of  the 
parenchymatous  cells  are  well  defined,  but  there  is  intense  fine  granulation  of 
the  cells.     Albuminous  degeneration. 

Vessels  are  normal. 

Lymph  Gland:  No  abnormal  changes. 

Adrenal  normal. 

Esophagus:  Veins  show  marked  distention  and  are  filled  with  partly  organized 
clot. 

We  owe  the  opportunity  of  this  report  to  Dr.  Walter  Andrews 
and  Dr.  Wadsworth,  who  persisted  in  efforts  for  an  autopsy. 

Case  III. — Steffie  P.,  admitted  to  the  University  of  Pennsylvania  Hospital, 
in  service  of  Dr.  J.  P.  C.  Griffith,  April  22,  1904.  Patient  of  M.  H.  Fussell. 
Taken  home  May  1,  1904.     Aged  twenty-seven  months. 

Pathological  Diagnosis.  Fatty  degeneration  of  liver,  double  pneumonia,  dila- 
tation of  heart,  anemia. 

Histological  Diagnosis.  Lymphatic  hyperplasia  of  bone  marrow,  spleen, 
l\Tnph  glands,  etc.,  fatty  infiltration  and  l^-mphocytic  engorgement  of  liver, 
lymph  hyperplasia,  and  superficial  catarrh  of  intestines.  Postmortem  changes 
of  pancreas,  slight  albuminous  degeneration  of  kidney,  a  few  foci  of  lymphoid 
accumulation. 

Family  History.  Mother  of  this  child  had  three  children,  which  died  soon 
after  birth,  and  one  child  stillborn. 

Previous  History  negative. 
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Present  Illness.     Sick  three  months;  constipated;  shght  cough. 

Physical  Examination.  Skin  lemon-yellow  in  color;  anemia  of  mucous 
membranes. 

Lungs:  Rales  with  harsh  respiration,  especially  at  apex. 

Heart:  Generally  enlarged  and  over  body  and  base  is  a  loud,  low-pitched, 
blowing  murmur,  probably  anemic. 

Liver:  Lower  border  reaches  two-thirds  way  between  xiphoid  and  umbilicus; 
palpable,  firm,  and  enlarged  downward. 

Spleen:  Reaches  to  the  symphysis  pubis;  it  is  hard  and  notched  in  several 
places  along  the  inner  margin.  The  head  is  square;  the  fontanelles  are  not 
entirely  closed.  Distinct  rachitic  rosary  on  chest  and  a  deep  horizontal  sulcus. 
Epiphyses  of  long  bones  are  enlarged.     Superficial  lymphatics  are  enlarged. 


Blood. 

Red  blood  cells 1,600,000 

White  blood  cells 24,160 

Hemoglobin 24  per  cent. 


Pol^Tnorphonuclear 

Small  I_\Tnphocytes 

Large  " 

Xeutrophiles 

Basophiles 

Eosinophiles 

^Iyeloc\1es  . 

There  is  poikilocnosis  and  po 


Differential  Count. 

First  Count. 
.     40.1   per  cent. 


.     40.1 
7.4 
.       9.0 
.       2.0 
.       3.0 
2.0 
ychroma  tophiha . 


Second  Count. 
38. 5  per  cent. 
52.0 
10.0 

1.0 

11.0 


April  29,  1904.     Reds,  980,000;  whites,  48,240;  hemoglobin,  10  per  cent. 

Urine:  Albmnin;  few  red  cells  and  a  few  white  cells;  a  few  granular  casts. 
Blood  oozed  freely  from  any  cuts.  Temperature,  99.5°  to  103°;  pulse,  120  to 
155;  respirations,  30  to  60. 

Autopsy.  Body  of  a  child.  INluscles  almost  gone;  the  subcutaneous  fat  is 
proportionally  excessive  and  of  a  canary-red  color. 

Abdomen:  Small  amount  of  fluid  in  peritoneal  ca\-ity.  Liver  increased  about 
one-third  in  size,  and  appeared  fatty;  common  duct  patulous. 

Intestines  very  pale. 

Thora-x:  Xo  abnormal  fluid  in  thorax. 

Lungs:  Consolidation  of  right  upper  and  left  lower  lobes. 

Heart:  Double  normal  size;  walls  thin  and  flabby;  no  thickening  or  vege- 
tations.    Xo  th\Tnus  gland  seen. 

Histological  Examination.  Study  made  of  bone  marrow,  spleen,  l\-mph 
glands,  liver,  pancreas,  small  intestines,  and  kidney. 

Am  Phys  8 
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Bone  Marrow:  The  pulp  proper  is  made  up  entirely  of  large  mononuclear 
cells  of  usual  medullary  type,  with  granular  protoplasm  and  a  vast  number  of 
small  Ij-mphocytes.  A  few  cells  with  eosinophilic  granules  and  occasional  giant 
cells. 

Spleen:  Capsule  and  trabeculte  are  not  increased  in  thickness  or  density.  In 
places,  however,  pulp  reticulum  is  increased.  Malpighian  bodies  are  very 
small  and  not  clearly  defined  on  account  of  Innphocytes  elsewhere.  In  general 
pulp  there  is  an  excess  of  small  lymphoid  cells. 

Lymph  Gland:  L>Tnph  follicles  are  large  and  encroach  on  sinuses  at  germinal 
centres  of  a  few  follicles;  there  is  slight  endothelioid  increase,  but  in  general  one 
sees  a  marked  lymphoid  overgrowth. 

Liver:  Capsule  normal.  Moderate  fatty  infiltration,  especially  in  periportal 
areas.  In  lobular  tissue  there  is  an  excess  of  leukocytes,  poly-  and  mononuclear. 
There  are  no  lymphoid  metastases. 

Pancreas  shows  postmortem  change. 

Small  Intestine:  Outer  and  muscular  coats  normal.  Small  IxTnphoid  nuclei 
in  submucosa. 

Kidney:  Capsule  normal.  Near  to  capsule  and  along  course  of  some  of  the 
arterioles  there  are  special  foci  of  cellular  infiltration  resembling  small  IjTnphoid 
cells  seen  elsewhere.     Few  casts  seen  in  tubules,  which  show  slight  granulation. 

In  observing  these  cases,  it  will  be  seen  that  Case  I  apparently 
corresponds  with  Von  Jaksch's  disease,  or  pseudoleukemia  in 
children.  The  child  certainly  did  not  have  rickets,  and  the  histo- 
logical study  of  the  tissues  do  not  permit  a  diagnosis  of  syphilis  or 
tuberculosis  or  Hodgkin's  disease,  and  the  blood  count  does  not 
agree  with  either  leukemia  or  pernicious  anemia.  It  seems  scarcely 
possible  to  classify  it  as  secondary,  as  no  primary  condition  was 
found  at  autopsy;  therefore,  it  was  thought  on  that  account  to  be 
a  case  of  pseudoleukemia  infantum,  or  Von  Jaksch's  disease. 

Case  II  was  considered  during  life  as  a  septic  infection,  on  account 
of  the  fever,  heart  condition,  and  anemia.  The  seat  of  the  infection 
was  thought  to  be  in  the  endocardium;  there  was  no  blood  culture 
made.  The  main  points  at  the  autopsy  were  the  splenomegalia, 
caused  principally  by  the  overgrowth  of  connective  tissue  in  the 
spleen,  and,  in  addition,  the  varicose  veins  at  the  cardiac  end  of  the 
esophagus ;  thrombus  of  the  hepatic  vein.  This  case  would  go  under 
Osier's  description  of  splenic  anemia  better  than  any  other  heading, 
and  yet  one  must  not  forget  that  the  case  was  not  observed  until 
after  a  severe  hemorrhage  had  occurred,  and  the  anemia  might  have 
been  the  result  and  not  the  cause  of  the  hemorrhage. 
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Case  III  is  unquestionably  one  of  leukemia.  The  increase  of  the 
lymphocytes  during  life,  together  with  leukocytosis,  and  the  very 
marked  lymphatic  engorgement  of  the  bone  marrow,  spleen,  small 
intestine,  and  kidney,  marked  it  as  certain  a  case  of  leukemia. 


DISCUSSION. 


Dr.  J.  P.  Crozer  Griffith:  It  is  quite  true  that  I  did  regard  this  last 
case  as  an  instance  of  anemia  pseudoleukemica  infantum,  or  von  Jaksch's  disease, 
but  it  is  also  true  that  I  am  very  mucli  inclined  to  the  view  advanced  that  von 
Jaksch's  disease  is  merelv  a  form  of  infantile  leukemia. 


THE  RELATION  OF  THE  AUDITORY  CENTRE  TO 
APHASL\/ 


By  ADOLF  MEYER,  M.D., 

NEW    YORK. 


AxY  Weigert-Pal  section  through  the  level  of  the  first  temporal 
gyrus,  the  basal  ganglia,  and  the  occipital  lobe  shows  plainly  how  the 
calcarine  cortex  on  the  mesial  occipital  surface  and  the  transverse 
temporal  gyri  and  the  adjoining  part  of  the  first  temporal  convolu- 
tion stand  out  as  provided  with  much  more  fibers  and  more  deeply 
stained  marrow  than  the  intermediate  temporoparieto-occipital 
gvri.  Moreover,  it  shows  a  connection  of  these  deeply  stained,  cor- 
tical areas  with  the  retrolenticular  part  of  the  internal  capsule,  the 
optic  radiation  or  external  sagittal  layer  connecting  the  external 
geniculate  body  with  the  calcarine  cortex,  and  the  auditory  radiation 
connecting  the  internal  geniculate  body  w  ith  the  transverse  temporal 
gyri.  It  is  from  the  latter  area  that  I  wish  to  start  in  this  contri- 
bution. 

Campbell,  in  his  excellent  map  of  the  cerebral  cortex  types,  fully 
corroborated  what  Flechsig  had  established  with  his  myelinization 
method,  and  Brodmann  and  others  have  substantiated  it  further. 
We  deal  with  a  cortex  t}-pe  not  so  sharply  marked  off  as  the  calcarine 
cortex  is  marked  off  from  the  pericalcarine  t^-pe,  but  nevertheless 
clearly  enough  specialized  to  leave  no  doubt  in  one's  mind  about 
well-defined  limits,  plainly  demonstrable  in  serial  sections.  Briefly 
put,  the  distinguishing  features  are  (1)  those  common  to  all  pro- 
jection stations  of  the  cortex,  viz.,  the  prevalence  of  an  especially 
large  number  of  tangential  fibers  in  the  superficial  or  zonal  layer  and 
the  presence  of  thick,  intersecting  fibers  among  the  radii;  (2)  the 

'  A  communication  from  the  New  York  State  Hospital  and  its  Pathological  Institute. 
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duplication  of  the  Baillarger  streak;  and  (3)  the  highly  characteristic 
Kaes-Bechterew  stripe  in  the  supraradiary  or  small  and  medium 
pyramidal  layers.  In  my  outlines  I  used  the  Kaes-Bechterew  stripe 
as  the  main  landmark;  where  it  ceases,  the  abundance  of  superficial 
tangential  fibers  also  falls  off,  and  the  thick  oblique,  deep  fibers  also, 
so  as  to  form  a  transition  zone,  beyond  which,  near  the  valley  of  the 
first  temporal  fissure,  the  connection  with  the  internal  geniculate 
body  is  practically  excluded. 

With  these  discriminations  I  mapped  out  the  pertinent  cortex 
area  in  a  brain  from  the  King's  Park  State  Hospital,  of  which  I 
demonstrated  last  year  sections  and  a  reconstruction  of  the  hemi- 
sphere in  glass,  for  the  determination  of  the  special  course  of  sub- 
divisions of  the  optic  radiation.  The  exact  extent  of  the  specialized 
cortex  was  marked  on  the  drawings  of  the  successive  sections,  and 
then  a  drawing  was  composed  of  the  outlines  of  the  Sylvian  surface 
of  the  temporal  lobe,  so  as  to  give  an  exact  view  of  the  entire  dorsal 
surface  of  the  lobe.  The  posterior  part  is  involved  in  the  large  parie- 
tal lesion;  then  come  the  two  Heschl  convolutions,  or  transverse 
temporal  gyri,  the  anterior  one  of  which  is  the  main  auditory  receiv- 
ing field.  The  drawings  show  the  ease  with  which  a  surface  picture 
of  a  part  otherwise  inaccessible  without  mutilation  of  the  brain  can 
be  obtained  from  serial  sections. 

It  is  of  fundamental  importance  to  note  that  the  afflux  of  fibers 
comes  from  underneath  the  insular  end  of  the  gyri  where  the  radia- 
tion of  the  internal  geniculate  body  rises  in  very  pretty  fans  from  the 
retrolenticular  or  sublenticular  part  of  the  internal  capsule. 

Without  knowing  the  actual  conditions,  Wernicke  had  developed 
the  theory  of  an  auditory  centre  in  this  region.  Most  writers  stuck 
to  the  surface  view  of  the  usual  foci  of  softening,  and  pinned  their 
assumptions  on  the  posterior  third  of  the  first  and  second  temporal 
gyri,  and  in  the  traditionally  sanctioned  fashion  they  proceeded  to 
mark  off  a  simple  auditory  centre  in  the  first  temporal  gyrus,  a  word 
centre  in  the  first  and  second  temporal  gyrus,  a  music  centre  farther 
forward,  and  a  naming  centre  in  the  second  and  third  temporal 
gyrus,  claims  which  should  not  be  taken  literally  today,  unless  they 
can  be  shown  to  be  based  on  real  anatomically  demonstrated 
mechanisms. 
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Now,  it  is  this  part  that  Pierre  Marie  speaks  of  when,  in  a  wave 
of  righteous  indignation  over  too  many  unfounded  claims  and 
localizations,  he  tries  to  uproot  the  very  conception  of  sensory  aphasia. 
He  says,  in  his  first  article  of  his  revision  of  Aphasia:^  "Nothing, 
absolutely  nothing,  from  the  point  of  view  of  strict  clinical  observa- 
tion, authorizes  us  at  the  present  time  to  consider  the  first  temporal 
convolution  as  the  centre  of  hearing,  and  Wernicke  committed  an 
obvious  mistake  when  he  made  the  notion  of  this  auditory  centre 
the  keystone  of  his  doctrine  of  sensory  aphasia.  To  be  sure,  it  so 
happened  that  at  the  outset  two  autopsies  of  aphasia  with  lesions  of 
the  parietotemporal  lobe  came  to  give  a  kind  of  absolute  confirma- 
tion to  this  erroneous  doctrine.  A  false  interpretation  had  run  ahead 
of  the  observation  of  the  facts,  and  by  a  peculiar  chance  they  appar- 
ently seemed  to  be  in  admirable  harmony  with  the  theory."  In 
other  words,  what  had  happened  to  Broca  is  thus  supposed  to  have 
happened  to  Wernicke  in  a  similar  manner.  Both  had  dealt  with 
large  lesions,  and  they  had  arbitrarily  pinned  their  attention  on  one 
part  only,  and,  as  Pierre  Marie  thinks,  the  wrong  one. 

The  contention  of  Pierre  Marie  is  rather  difficult  to  disprove  if 
we  allow  him  to  rule  out  anatomical  evidence.  The  actual  cortical 
auditory  receiving  station,  as  we  described  it,  is  not  easily  destroyed 
by  itself  either  by  operation  or  by  vascular  lesions,  and  the  incidental 
symptoms  incurred  by  additional  lesions  are  apt  to  distract  the 
examiner  or  create  striking  difficulties  of  cooperation  on  the  part  of 
the  patient.  Moreover,  auditory  disorders  of  a  peripheral  character 
are  very  frequent  and  confusing,  and  really  very  difficult  to  examine, 
and  still  more  difficult  to  discriminate  from  possible  central  deafness. 
Only  in  rare  cases  has  there  been  a  demonstration  of  prevalence  of 
deafness  on  the  side  opposite  to  the  lesion,  probably  on  account  of 
the  partial  decussation  and  insufficient  knowledge  of  pertinent 
tests.  Marie  rests  his  case  on  the  fact  that  lesion  of  the  right  first 
temporal  convolution  never  produces  the  slightest  alteration  of 
hearing  either  on  the  right  or  on  the  left  with  the  ordinary  methods 
of  clinical  examination  (which  of  course  is  hardly  final).  But  he 
does  not  thereby  rule  out  the  fact  of  deafness  in  lesion  of  both  auditory 
areas  of  Flechsig,  nor  does  that  prove  anything  as  to  the  actual  role 

'  Semaine  M^dicale,  May  23,  1906. 
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of  that  area  in  the  leading  hemisphere  in  the  function  of  understand- 
ing spoken  language. 

My  contribution  consists  in  the  demonstration  of  a  series  of  cases 
studied  with  reference  to  a  possible  correlation  of  a  lesion  of  the 
auditory  receiving  station  to  various  degrees  of  word-imperception. 
In  order  to  avoid  unnecessary  complication  I  shall  pass  before  you 
mainly  this  chief  issue  of  the  otherwise  completely  studied  cases,  and 
then  draw  my  conclusions.  It  is  unfortunate  that  the  large  bulk 
of  cases  in  the  literature  proves  unfit  for  this  question  for  reasons 
which  you  will  easily  recognize.  But  I  hope  that  this  demonstration 
may  suggest  enough  confidence  in  possibilities  in  this  direction  to 
call  for  the  collection  of  more  material  with  better  methods. 

The  history  of  the  case  of  mind-blindness  demonstrated  at  the 
outset  contains  no  sufficient  account  of  the  extent  of  word-deafness 
in  the  "prehistoric"  case-notes.  The  only  available  remarks  are: 
"He  talked  thickly  and  could  not  remember  the  words  he  wanted, 
aad  took  no  interest  when  read  to." 

We  were  more  fortunate  with  a  case  of  word-deafness  with  a 
well-studied  classical  picture  of  sensory  aphasia,  B.,  from  the  Hudson 
River  State  Hospital.  The  patient  had  an  occlusion  of  the  temporo- 
parietal or  angular  branch  of  the  Sylvian  artery.  During  the  two 
years  after  the  attack  he  was  and  remained  completely  word-deaf 
and  had  the  classical  jargon  aphasia  and  paragraphia.  The  lesion 
wipes  out  completely  the  auditory  sphere  and  its  afferent  path. 

The  next  case,  F.,  from  the  Worcester  Insane  Hospital,  also  of 
more  than  one  year's  duration,  started  in  with  a  profound  general 
aphasia  and  delirium,  passed  through  a  long  period  of  complete 
word-deafness,  with  jargon  aphasia  and  total  inability  of  repetition 
and  picking  out  objects  named;  but  he  slowly  regamed  a  very  limited 
understanding  of  some  requests  and  remarks;  still  there  persisted 
marked  W.D.,  and  a  classical  paraphasia  with  a  striking  fumbling 
and  general  elaboration  disorder.  In  this  case  the  softening  under- 
mined and  partly  destroyed  the  auditory  area  and  part  of  the  island, 
and  even  the  frontal  operculum,  and  it  intercepted  the  left  auditory 
radiation. 

As  a  contrast,  I  now  turn  to  a  case,  B.,  from  the  Middletown 
State  Hospital,  of  six  years'  duration;  with  moderate  word-deafness — 
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"he  understood  a  great  deal  of  what  was  said,  but  not  quite  all." 
He  picked  out  objects  correctly,  and  often  named  them  correctly. 
Yet  he  showed,  especially  at  first  and  toward  the  end,  distinct 
asymbolic  dyspraxia.  His  speech  was  markedly  paraphasic ;  spelling 
fair,  reading  partial,  writing  paragraphic. 

The  lesion  is  largely  in  Tj,  but  implicates  T,,  which  is  partly 
flattened,  but  only  in  its  more  superficial  or  lateral  border. 

The  next  case  is  that  of  A.,  from  the  Buffalo  State  Hospital,  a 
young  waiter  with  cerebral  syphilis  and  an  extensive  lesion  of  T^ 
and  the  subangular  cortex.  Clinically,  he  presented  a  classical 
picture  of  so-called  transcortical  sensory  aphasia,  with  preservation 
of  reading  aloud  but  without  imderstanding;  there  was  also  some 
diflSculty  in  understanding  orders  and  in  naming  things,  but  7i07ie 
in  repeating  words  said  to  him.     Marked  paraphasia. 

The  lesion  leaves  intact  the  auditory  avenue  and  the  largest  part 
of  the  auditory  receiving  station.  In  many  ways  it  resembles 
Heubner's  case  of  what  Bastian  calls  "isolation  of  the  auditofy 
cortex." 

A  further  case,  H.,  from  the  King's  Park  State  Hospital,  preserved 
a  very  fair  undetstanding  of  words  spoken;  he  made  only  occasional 
mistakes  in  picking  out  objects  to  order.  He  had,  however,  very 
defective  capacity  for  naming  objects,  his  reading  was  limited  and 
also  his  writing,  and  his  spontaneous  speech  consisted  of  short, 
unfinished  sentences  and  a  peculiar  vocabulary  and  word  amnesia. 
In  this  case  the  cut  into  the  auditory  receiving  station  does  not  aflfect 
the  auditory  entering  path,  and  the  transverse  temporal  gyri  are 
well  preserved  except  near  their  anterolateral  border.  From  that 
point  a  deep  gap  extends  over  T2  and  T3  to  the  occipitotemporal 
notch. 

Another  case,  G.,  from  King's  Park  State  Hospital,  with  super- 
ficially a  much  slighter  lesion,  had  a  total  aphasia,  with  lasting  facial 
monoplegia  and  total  inability  to  understand  anything.  Besides  F3 
and  Ca,  the  transverse  temporal  gyrus  is  found  affected  not  only 
laterally,  but  also  within  the  region  of  the  entrance  of  the  auditory 
path,  which  tends  to  account  for  the  total  word-deafness.  This 
case,  as  well  as  one,  K.,  from  the  Binghamton  State  Hospital,  has 
many  lesions  and  was  not  accessible  to  as  thorough  a  clinical  exam- 
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ination  as  would  seem  desirable.  The  lesion  of  the  latter  extended 
to  within  near  the  auditory  entrance  zone.  The  case  might  possibly 
give  a  warning  against  too  rapid  conclusions,  inasmuch  as  the  audi- 
tory receiving  station  seems  very  much  affected  even  in  its  mesial 
part;  yet  the  patient  is  said  to  have  understood  a  few  simple  orders, 
such  as  "to  stand  up"  or  "walk."  But  for  the  exclusion  of  gesture 
and  habit  the  record  does  not  give  absolute  proof,  and  it  is  not  clear 
whether  this  was  not  merely  a  late  acquisition  through  the  right 
temporal  lobe,  as  would  seem  to  have  been  the  case  in  F. 

An  extensive  review  of  the  casuistics  in  this  direction  gives  a  rather 
discouraging  picture  of  the  usual  standards  of  presentation  of  the 
facts.  Only  a  very  small  number  of  the  descriptions  are  sufficient 
to  give  more  than  approximate  data.  A  review  of  these  facts  will 
be  given  in  the  complete  publication  of  our  aphasia  material  so  far 
as  it  is  not  already  compiled  by  v.  ]\Ionakow.  I  only  wish  to  give 
a  few  hints  in  this  respect.  If  we  use  only  the  cases  reported  with 
description  of  serial  sections,  which,  from  what  has  been  shown,  is 
really  the  only  safe  procedure,  we  get  very  good  evidences  in  the  three 
excellently  described  cases  of  Quensel,  in  which  the  extent  of  word- 
deafness  or  word-understanding  is  strikingly  parallel  with  the  extent 
of  affection  of  the  auditory  entrance  zone.  On  the  other  hand,  I 
should  recall  the  recent  remark  of  Liepmann,  who  evidently  has  seen 
cases  with  total  destruction  of  e.  T.  tr.,  in  which  the  right  hemisphere 
has  furnished  a  substitution,  but  they  are  evidently  cases  in  which 
W.  D.  existed  at  first  at  least,  and  only  gradually  improved  somewhat. 

There  are  many  temptations  to  discuss  the  inferences  from  this 
review  of  our  material.  From  the  point  of  view  of  methods  I  should 
like  to  make  an  appeal  for  more  careful  studies  in  persons  less 
seriously  mentally  affected  than  most  of  those  who  reach  the  State 
Hospitals.  We  are  sadly  in  need  of  better  analyses  of  the  central 
defects  of  crude  hearing,  so  that  we  might  settle  the  question  (1) 
whether  Bezold's  findings  in  deaf  mutes  concerning  limited  deafness 
to  the  tone  levels  of  the  speaking  voice  (between  b'  and  g"  and  at  the 
most  one  octave  below  or  above)  might  also  hold  for  central  defects, 
and  might  explain  some  cases  at  least,  which,  notwithstanding 
the  opinion  of  Wernicke  and  Liepmann,  does  not  seem  prol)able; 
further,  (2)  whether  we  could  find  some  disorder  analogous  to  hemi- 
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anopsia  which  would  make  it  possible  to  discover  a  one-sided  lesion 
of  the  auditory  receiving  station  (perhaps  at  least  in  connection  with 
the  perception  of  direction  of  sound  ?) ;  (3)  the  disorders  of  speech 
function  also  deserve  clearer  discriminations:  the  various  degrees 
of  identification  of  sounds  and  words  heard,  for  mere  repetition,  or 
for  action,  or  spontaneous  thought  or  speech,  etc.  In  these  direc- 
tions we  must  be  ready  to  study  the  language  mechanisms  for  their 
own  sake,  irrespective  of  localizatory  glory.  There  seems  to  be  a 
distinct  need  of  distinguishing  the  receptive  disorders  proper  and  a 
group  of  elaboration  disorders  of  speech. 

The  demonstration  given  certainly  tends  to  give  a  fairly  clear 
position  to  the  W.D.  as  such,  and  it  is  well  that  we  should  size  up 
independently  the  amount  and  kind  of  paraphasia  (literal  or  verbal, 
or  real  paralogia),  the  rousing  of  words,  especially  nouns,  etc.,  the 
disorders  of  reading  and  writing  and  of  thought  and  speech. 

It  would  seem  safe  to  give  the  following  inferences: 

The  terms  sensory  aphasia  and  word-deafness  are  not  especially 
well  chosen  to  designate  the  complex  of  speech  disorders  of  the 
temporoparietal  region;  but  word-deafness  designates  a  prominent 
feature  worth  distinguishing  from  the  elaboration  disorders — 
paraphasia,  anomia,  etc. 

^larie's  "Wernicke  zone"  seems  to  lend  itself  to  more  profitable 
subdivisions  than  Marie  accepts. 

AMiere  there  is  real  word-deafness  we  find  a  corresponding  defect 
of  the  auditory  receiving  station  or  its  marrow ;  in  simple  elaboration 
aphasia  without  word-deafness  the  receiving  zone  appears  to  be 
free,  especially  on  its  mesial  side. 

AMiere  the  transverse  temporal  gyrus  is  affected  without  word- 
deafness,  it  is  either  because  the  lesion  is  one  merely  of  the  lateral 
border  and  incomplete  or  where  it  was  mesial  and  destructive  of  the 
auditory  radiation;  the  inevitable  word-deafness  may  have  yielded 
to  a  certain  restitution  with  the  help  of  the  other  hemisphere.  In 
these  cases  there  was,  so  far  as  the  available  facts  show,  at  least  for 
a  considerable  time  after  the  onset,  a  word-deafness  in  keeping 
with  the  extent  of  the  lesion  of  the  auditory  radiation  or  entrance 
zone  of  the  leading  hemisphere. 

The  extent  to  which  paraphasia  and  anomia  and  other  disturbance 
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of  elaboration,  i.  e.,  the  disorders  of  internal  language,  depend  on 
the  word-imperception,  is  not  to  be  accounted  for  anatomically 
before  the  more  fundamental  problem  of  word-imperception  itself 
is  settled. 


DISCUSSION. 


Dr.  M.  Allen  Starr:  It  seems  to  me  that  this  paper  should  not  pass 
without  some  Httle  comment  before  this  Association.  To  me,  while  it  is  extremely 
technical,  and  one  which  may  not  interest  the  general  practitioner  as  much  as  it 
does  the  neurologist,  yet  it  seems  to  me  that  this  paper  is  one  of  the  most  valuable 
contributions  we  have  had  in  recent  years  on  the  subject  of  aphasia,  especially 
of  the  sensory  side  of  aphasia.  It  is  probably  known  to  almost  everyone  here 
that  there  is  a  very  lively  discussion  going  on  in  French  circles  on  this  subject. 
Pierre  Marie  has  thrown  great  confusion  into  the  whole  conception  of  aphasia 
as  it  has  been  heretofore  understood,  and  we  have  needed  just  exactly  such  a 
demonstration  as  this  one  that  Dr.  Meyer  has  given  us  of  definite  localization  of 
the  sensory  side  of  aphasia,  a  demonstration  that  seems  to  me  absolutely  irrefu- 
table, and  one  that  does  much  to  settle  many  matters  of  controversy  in  a  final 
manner. 


THEODORE  TRONCHIN.     1709-1781. 
A  Sketch. 

Bt  F.  C.  SHATTUCK, 

BOSTON. 


The  name  of  the  great  practitioner  of  medicine,  like  that  of  the 
great  advocate  in  her  sister  profession,  is  written  in  water  unless  he 
produces  a  book,  and  thus  wins  attention  during  his  life,  or,  per- 
chance, appreciation  after  his  death.  Even  if  the  book  be  indif- 
ferent or  bad,  the  book  it  remains,  and  is  treasured  as  such  in  the 
cemetery  of  books,  the  library. 

Theodore  Tronchin,  pupil  of  Boerhaave,  Honorary  Professor  of 
Medicine  at  Geneva,  of  enormous  vogue  there,  and  later  in  Paris 
as  a  practitioner,  is  a  case  in  point.  His  name  is  contained  neither 
in  the  Encyclopedia  Britannica  nor  in  the  Century  Dictionary  of 
Names.  There  was  no  "^^^lo's  Who?"  in  those  days.  A  sketch  of 
his  life,  with  extracts  from  his  voluminous  correspondence,  has 
lately  appeared,^  and  rescues  from  oblivion  a  man  of  strong  char- 
acter and  broad  intellect,  who  dared,  at  a  time  when  medical  dogma 
and  theory  were  still  in  the  ascendant,  and  when  disease  was  com- 
bated by  bleeding,  purging,  and  puking,  to  exercise  a  rare  common 
sense,  to  inculcate  right  living  and  outdoor  exercise,  and  to  recognize 
in  these  the  most  potent  means  of  the  prevention  and  treatment  of 
many  maladies. 

Personally,  and  by  letter,  he  was  called  upon  to  advise  those 
highest  in  rank  and  most  eminent  for  talent  or  genius  of  the  time. 
His  success  and  heterodox  ideas  won  him  the  ill-will  of  his  profes- 
sional contemporaries. 

He  was  descended  from  Remy  Tronchin,  a  captain  of  cavalry  in 

1  Theodore'Tronchin:  par  Henry  Tronchin,  Paris  and  Geneva,  1906. 
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the  service  of  Henry  IV,  who  became  a  Protestant,  and  hence  found 
it  convenient  to  move  to  Geneva,  where  his  descendants  were  prom- 
inent in  civic  Ufe.     He  was  born  in  1709. 

His  father  w^as  a  banker,  and  gave  him  the  best  education  which 
Geneva  offered,  intending  him  for  the  ministry.  He  was  a  good 
student;  but  Nature  sometimes  has  her  way,  and  we  read  that  "he 
was  so  very  fond  of  dancing  that  he  would  walk  several  miles  of  an 
evening  to  go  to  balls  without  the  knowledge  of  his  parents."  A 
serious  illness,  which  nearly  proved  fatal,  led  him  to  take  more 
serious  views. 

His  father's  fortune  disappeared  with  the  collapse  of  the  law 
boom,  and  his  son  went  to  England,  hoping  to  find  advancement 
through  the  influence  of  Lord  Bolingbroke,  a  distant  relative.  The 
statesman  was,  however,  out  of  power,  and  in  retirement  at  Dawley. 
Tronchin  during  his  visit  met  both  Swift  and  Pope,  and  by  the 
advice  of  the  latter  passed  at  least  a  year  at  Cambridge,  where  he 
came  into  close  relations  with  Bentley. 

He  then  decided  on  medicine  as  a  career,  and  Boerhaave  as  his 
master.  He  passed  several  months  in  London,  frequenting  the 
hospitals,  and  met  Richard  Mead,  then  in  the  full  tide  of  his  career. 
One  day  he  asked  ^Nlead  the  secret  of  his  success.  The  reply  sank 
deeply  into  his  mind  and  was  often  quoted  by  him  as  having  pro- 
foundly influenced  his  practice:  "I  have  not  done  much  good,  but  I 
have  tried  not  to  do  harm." 

In  September,  1728,  we  find  him  in  Leyden,  where  he  lodged  with 
S'gravesande,  professor  of  mathematics,  and  was  the  bearer  of  a 
letter  from  Bentley  to  Burmann.  Naturally  supposing  this  to  be  a 
letter  of  introduction,  he  delivered  it  in  person.  After  reading  it, 
Burmann 's  manner  and  conduct  were  such  that  Tronchin  fled  from 
the  house  and  hastened  home  to  S'gravesande,  whom  he  informed 
that  Burmann  was  bereft  of  reason.  S'gravesande  hurried  to  his 
friend,  who  showed  him  Bentley's  letter,  which  contained  only 
abuse  of  Burmann,  for  the  reason  that  the  latter  had  not  only  dif- 
fered from,  but  even  criticised,  Bentley's  views  on  the  fables  of 
Phedrus. 

He  assiduously  devoted  himself  to  Boerhaave's  teaching,  and  soon 
attracted  his  attention,  perhaps  from  the  fact  that  his  hair  was  thick 
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and  long.  A  remark  of  Boerhaave's,  that  the  care  of  such  an  orna- 
ment must  take  time,  was  repeated  to  Tronchin,  who  forthwith 
sacrificed  his  locks. 

After  two  years  in  Leyden,  when  scarcely  twenty-one,  he  graduated 
in  medicine,  having  completed  three  years  of  professional  study,  and 
had  the  precious  privilege  of  close  association  with  an  unusual 
number  of  remarkable  men  of  varied  interests  and  international 
reputation.  Residence  away  from  home  during  an  impressionable 
period  of  his  life,  combined  with  the  above  association,  broadened, 
at  least,  a  character  congenitally  strong.  For,  as  we  have  seen,  he 
came  of  stock  early  exiled  by  religious  convictions.  He  settled  at 
Amsterdam,  then  visited  by  some  virulent  epidemic,  in  accordance 
with  the  advice  of  Boerhaave.  His  youth  and  foreign  birth  were 
obstacles  to  success,  and  he  seriously  thought  of  returning  to  Eng- 
land. Boerhaave,  as  well  as  Van  Swieten,  however,  gave  him 
encouragement  and  support,  the  former  even  referring  Amsterdam 
patients  who  proposed  to  consult  him  to  the  young  man,  with  the 
statement,  "You  can  consult  me  without  leaving  Amsterdam  in 
consulting  him." 

In  1738  Boerhaave  died,  in  his  last  years,  it  is  said,  having  wished 
to  get  Tronchin  back  to  Leyden,  to  assist  him  in  his  university  work. 
By  this  time  Tronchin  was  firmly  established  at  Amsterdam,  and 
was  known  even  outside  of  Holland,  Senac  and  Quesnay  writing 
from  Paris,  the  former  to  ask  how  to  treat  whooping-cough,  the 
latter  to  invite  criticism  of  a  forthcoming  book. 

In  1740  he  marries  Helene  de  Witt,  the  descendant  of  the  great 
De  Witt.  She  does  not  seem  to  have  had  beauty,  but  he  says  of  her : 
"My  wife  is  not  merely  adorned  with  virtues;  she  is  covered  with 
them." 

The  decadence  which  came  upon  Holland  under  William  IV  of 
Nassau  led  him,  in  1753,  to  send  his  two  sons  to  Geneva  to  school. 
"For  three  reasons,"  he  writes,  "I  send  them  away.  The  first  is 
my  dread  of  the  effect  of  certain  religious  principles  on  boys  of  their 
age.  The  second,  and  corollary  of  the  first,  is  the  evil  state  of 
morals.  How  can  these  live  without  principle  behind  them?  The 
third  reason  is,  that,  unhappily,  both  morals  and  manners  are  so 
lacking." 
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He  was  offered  the  place  of  physician-in-chief  to  the  infant  Staat- 
holder,  Wilham  V,  but  dechned;  and  in  1754  quietly  departed  with 
his  wife  and  daughter  for  Switzerland,  after  a  residence  of  nearly 
twenty-five  years  in  Amsterdam.  He  received  overtures  from  the 
Regent  to  return,  and  also  declined  an  offer  from  the  Empress  of 
Russia  to  go  thither  upon  his  own  terms.  At  Geneva  professional 
pettiness  and  jealousy  threw  every  obstacle  in  his  way,  trying  to 
render  his  appointment  as  professor  purely  honorary,  by  at  first 
refusing  him  a  place  to  meet  students;  but  the  faculty  was  beaten, 
and  Tronchin  taught  sometimes  in  Latin,  sometimes  in  French, 
until  his  final  move  to  Paris. 

We  have  no  reason  to  believe  that  as  a  teacher  of  students  he  was 
preeminent.  He  was  too  sensible  a  man  to  ally  himself  to  any 
existing  school  of  thought  in  medicine,  nor  did  he  found  a  school 
himself. 

After  an  exceptionally  broad  and  thorough  professional  educa- 
tion, which  brings  him  into  close  contact  with  eminent  men,  and 
after  an  experience  of  twenty-five  years  of  practice,  in  which  his 
guiding  principle — true  follower  of  Hippocrates  that  he  was — ever 
was  to  study  Nature,  to  learn  from  and  be  guided  by  her  rather  than 
to  combat  her,  he  becomes,  perhaps,  the  leading  practitioner  of 
Europe,  consulted  personally  and  by  letter  from  far  and  near.  In 
the  Latin  preface  which  he  wrote  for  the  edition  of  Baillou's  works 
we  find:  "(Doctors)  blinded  by  their  petty  disputes,  have  preferred 
to  lay  down  laws  to  Nature  rather  than  to  search  out  her  own.  .  .  . 
A  painstaking  study  of  Nature  is  the  only  foundation  on  which  one 
can  build  a  system  of  medicine  which  will  endure.  The  dogmatism 
of  hypothesis  and  theory  have  made  medicine  the  scourge  of  the 
human  race." 

In  a  letter  he  says:  "The  physician  walks  safely  only  arm-in-arm 
with  Nature.  If  he  loses  sight  of  her,  he  goes  astray,  and  beneficent 
Nature,  held  in  so  slight  esteem,  is  usually  all-sufficient;  for  God, 
whose  work  she  is,  has  not  been  pleased  to  limit  her  with  the  power 
of  keeping  the  body  well,  but  has  added  that  of  restoring  it  when 
diseased.  The  wise  physician  contents  himself  with  removing 
obstacles.  He  restrains  Nature  when  she  is  too  active;  he  stimu- 
lates her  when  she  nods;  but  it  is  Nature  alone  which  cures." 
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We  moderns  see  and  bewail  some  evidences  of  the  commercial 
spirit  here  and  there  among  us.  In  1757  Tronchin  writes  Senac, 
physician  of  Louis  XV:  "Since  our  art  has  degenerated  into  the 
shameful  pursuit  of  gain,  physicians,  as  a  rule,  are  simply  financiers, 
and  so  sacrifice  their  duty  to  their  wants.  It  is  useless  to  look  for 
delicacy  and  principle  in  those  who  have  only  wants.  The  noblest 
of  arts  has  become  the  most  contemptible  and  accursed."  We  see 
that  sometimes  the  fire  burned  hotly  within  him,  and  then  he  spake 
with  his  tongue.  He  writes  Dr.  Rast,  who  had,  apparently,  classed 
him  as  a  ^Methodist:  "I  am  no  adherent  of  this  or  that  sect — I  will 
live  and  die  in  freedom,  following  Nature  step  by  step,  profiting  as 
far  as  I  can  by  the  mistakes  of  those  who  do  not  know,  or  despise 
her.     I  thank  Heaven  that  I  am  no  sectarian." 

Grimm  says  of  him:  "Never  has  a  physician  been  closer  student 
of  Nature,  or  seized  with  greater  sagacity  her  tendencies  and  hints." 

Tronchin  himself  writes:  "The  first  requisite  in  a  physician  is 
that  he  be  an  honorable  man.  Science  comes  next.  He  should  be 
freely  credited  with  all  the  harm  which  he  refrains  from  doing.  If 
sometimes  he  is  blamed  for  sins  of  omission,  these  are  swamped  by 
those  of  commission,  of  which  the  horde  of  self-styled  healers  is 
daily  guilty."  Remember  that  this  was  written  a  century  and  a  half 
ago. 

The  following  also  has  a  closer  application  to  those  than  to  present 
times:  "The  patient,  intolerant  of  his  state,  persuades  himself  that 
evacuants  are  the  means  to  health.  Timidity  and  the  clamor  of  the 
patient  often  induce  the  doctor  to  act  contrary  to  experience  and 
theory.  He  bleeds,  he  purges,  he  pukes.  The  sickness  gets  worse. 
The  sick  man  loses  his  head,  and  knows  not  on  which  saint  to  call 
for  health."  Tronchin  bled — but  he  bled  with  brains,  not  as  a 
routinist. 

He  writes  a  patient:  "I  recall  a  lady  of  one  of  the  first  cities  of 
France,  in  an  even  worse  plight  than  you,  who  consulted  me  six 
years  ago  with  regard  to  her  eight  hundred  and  thirty-third  bleeding, 
which  could  not  be  effected,  in  spite  of  the  doctor's  orders,  because 
the  blood  would  not  flow.  The  doctor  still  deemed  it  necessary. 
But  how  let  blood  if  there  be  none?  He  proposed  to  wait  a  week. 
'Between  now  and  then,'  said  he,  'perhaps  you  will  make  some.' 
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During  the  expectant  period  she  consulted  me."  The  inference 
from  what  follows  is  that  these  eight  hundred  odd  bleedings  all  fell 
with  n  one  year.  This  seems  incredible  to  us.  "A  hungry  wretch 
wdio  steals  a  loaf  is  hung,"  is  his  comment  on  this  case. 

Marteau's  statement,  in  1756,  that  bleeding  killed  4000  people  a 
year  in  Paris,  40,000  in  France,  was  condemned  by  the  faculty. 

As  regards  drugs,  Tronchin  says,  "The  number  of  specifics  grows 
less  as  wisdom  increases."  He  was  no  lover  of  the  "shotgun"  pre- 
scription, but  gave  simple  remedies,  ofttimes  placebos.  It  is  related 
that  a  count  who  travelled  far  to  Geneva  for  advice  compared  his 
prescription  with  that  of  several  other  patients,  and  all  alike  called 
for  soap. 

His  belief  in  right  living,  and  his  shrewdness  in  promoting  it,  even 
in  court  society  during  the  regency,  is  shown  by  his  insistence  that 
his  pills  be  taken  daily;  one  at  7  a.m.,  on  rising;  a  second  at  5  p.m., 
after  a  light  meal;  a  third  at  9,  after  going  to  bed.  These  were 
bread  pills: 

His  biographer  says:^  "The  real  novelty  of  Tronchin 's  treatment 
is,  in  short,  hygiene,  at  that  time  quite  neglected.  Many  practices 
w^hich  today  seem  to  us  as  matter  of  course,  a  number  of  truths,  which 
to  us  are  axioms,  were  then  unknown.  It  is  to  Tronchin's  credit  that 
he  brought  them  to  notice  and  made  them  adopted  at  a  time  when  the 
mode  of  life  had  become  more  and  more  artificial,  and  when  the 
errors  of  dogmatic  medicine  took  precedence  of  the  demands  of 
Nature." 

He  repeatedly  writes:  "Lead  a  more  active  life;  all  sorts  of  exer- 
cise are  good  for  you;  but  remember  that  overfatigue  is  injurious. 
One  is  not  born  an  athlete,  though  training  may  make  one  such." 

The  saddle  is  a  favorite  prescription.  He  advises  an  abbe  to  saw 
wood;  an  abbess  to  make  her  bed  and  polish  her  wood  floor,  with 
footwear  adapted  to  the  purpose,  if  she  can't  get  exercise  outdoors, 
"I  have  often  cured  cases  thought  to  be  beyond  help  in  their  own 
rooms."  He  advises  fencing  and  gymnastics.  He  cites  the  ana- 
tomical relation  of  veins  and  muscles  as  an  argument  for  exercise. 
Evidence  of  his  influence  is  seen  in  that  the  fashionable  women 
who  followed  his  counsels,  taking  a  morning  walk  with  cane  and  in 

•  Page  48. 
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short  skirts,  were  called  " tronchin es,"  and  the  verb  "tronchiner" 
was  coined. 

The  temptation  is  great  to  quote  too  freely  from  the  letters  of  this 
great  hygienist.  In  the  main,  his  principles  are  those  universally 
held  today.  It  is  not  so  much  his  principles  as  the  fact  that  he  held 
them  one  hundred  and  fifty  years  ago,  and  had  such  success  in 
making  them  effective,  which  interest  us. 

He  condemns  bed  curtains,  and  the  upholstery  of  bedrooms,  the 
exclusion  of  fresh  air,  night-caps  and  heavy  perukes  and  wigs,  rich 
food,  and  late  hours.  He  urges  pregnant  women  to  walk  abroad; 
mothers  to  nurse  their  children;  and  applies  the  same  supreme 
common  sense  to  the  management  of  babies  that  he  does  to  other 
matters. 

It  seems  quite  possible  Rousseau  derived  from  Tronchin  many  of 
the  principles  of  the  simple  life  which  he  preached  with  such  power 
and  effect,  especially  in  £mile  with  regard  to  the  education  of 
children.  Tronchin's  attitude  as  to  these  matters  was  well  known, 
and  he  doubtless  revealed  it  in  the  intercourse  which  it  is  known  he 
had  with  Rousseau.  But  the  latter  allowed  his  logic  and  rhetoric 
to  carry  him  to  lengths  in  the  hardening  process  of  children  w'hich 
the  good  sense  of  Tronchin — never  an  extremist — would  not  indorse. 
The  relation  between  these  two  men — the  one  a  brilliant  egotist, 
always  ill-balanced,  and  becoming  the  victim  of  the  mania  of  perse- 
cution, the  preacher  of  morals,  who  handed  over  his  own  children 
to  foundling  asylums;  the  other  a  doer  of  the  word,  of  high  religious 
principle,  patriotic,  of  unusual  balance  and  clearness  of  vision,  con- 
sistent throughout — relations  betweeij  such  could  not  indefinitely 
continue  intimate  and  friendly. 

Rousseau's  jealous  nature  could  not  reconcile  itself  to  the  esteem 
inspired  in  Madame  d'fipinay,  Grimm,  and  Diderot  by  Tronchin, 
who  was,  moreover,  the  trusted  physician  of  Voltaire. 

Tronchin  secured  for  Rousseau  the  offer  of  the  position  of  Libra- 
rian at  Geneva;  but  the  latter  refused,  doubtless  partly  for  the 
reason  that  he  was  unwilling  to  live  so  near  Voltaire,  and  suffer  an 
eclipse,  to  be  noted  by  all. 

The  words  "psychosis"  and  "neurasthenia"  had  not  been  coined 
in  Tronchin's  day,  but  that  which  they  represent  was  common 
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enough,  and  among  fashionable  women  was  called  "vapors."  To 
a  lady  who  details  her  sensations  by  letter  he  writes:  "Your  imagi- 
nation, madame,  frightens  me  more  than  your  ailments.  It  is  ready 
to  make  you  the  victim  of  those  who  prey  upon  it.  You  have  been 
victimized  so  often,  and  will  be  again,  that  from  the  bottom  of  my 
heart  I  am  sorry  for  you,  and  this  is  perhaps  all  the  service  I  can 
render  you.  Most  of  the  ills  you  have  taken  the  trouble  to  recount 
to  me,  and  which  pity  has  constrained  me  to  read  from  end  to  end, 
are  factitious,  unreal;  the  number  of  those  actual  or  possible  ills  is 
almost  limitless.  They  result  from  the  bodily  and  mental  weakness 
of  those  afflicted,  the  multiplication  of  bad  remedies,  the  ignorance 
and  rascality  of  those  who  give  them.  Disease  is  thus  manufactured 
on  a  larger  scale  than  anything  else  in  Europe." 

As  few  physicians  of  his  time,  Tronchin  understood  and  rationally 
availed  himself  of,  for  the  benefit  of  his  patients,  the  action  of  mind 
on  body  and  body  on  mind.  Voltaire  says  of  him,  "He  knows 
human  nature;  he  is  a  great  physician."  Grimm  speaks  in  much 
the  same   terms. 

He  writes  Madame  de  la  Popeliniere:  "It  is  not  our  fault  if  our  art 
has  limits.  These  are  inherent  in  the  nature  of  things;  but  we  are 
wrong,  very  wrong,  if  we  shut  our  eyes  to  these  limitations,  or  fear 
to  acknowledge  their  existence  to  our  patients."  Yet  this  is  the  man 
whose  success  in  Paris,  and  whose  revolutionary  common-sense 
methods  led  to  caricature  and  abuse.  He  was  called  charlatan  and 
pirate.  In  a  burlesque  poem  in  three  cantos,  "Tronchinades,"  a  depu- 
tation of  the  Paris  Faculty  visits  and  bids  the  Genevan  begone,  for 
they  had  no  fees  since  he  came.  "The  Paris  physicians  justly 
reproach  me  with  having  seen  too  many  patients,"  Tronchin  says. 
"Had  I  had  my  own  way,  I  should  have  seen  fewer.  .  .  .  No  one 
realizes  more  keenly  than  I  that  too  large  a  practice  is  criminal." 
"On  ne  voit  pas  de  maladies  quand  on  voit  trop  de  malades." 

It  would  not  be  fair  to  convey  the  impression  that  Tronchin  had 
only  detractors  among  the  profession  of  Paris,  and  it  must  be  con- 
fessed that  his  language  was  not  always  as  reserved  as  it  might  have 
been  wise  or  even  just.  His  condemnation  of  the  prevalent  mode  of 
treatment  sometimes  included  those  who  merely  carried  out  the 
ideas  of  their  time.     He  was  a  member  of  the  College  of  Physicians 
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of  Montpellier,  and  of  the  Academy  of  Surgery  of  Paris;  Foreign 
Associate  of  the  Academies  of  Science  of  BerHn,  Paris,  EcUnburgh, 
Stockholm,  St.  Petersburg,  and  member  of  the  Royal  Society  of 
London. 

He  was  criticised  for  having  written  nothing,  and  partly  for  this 
reason,  apparently  partly  to  show  his  esteem  for  the  Duke  of  Orleans, 
he  published  in  Geneva,  in  1757,  a  monograph  on  Colica  Pictonum, 
written  in  Latin,  and  dedicated  to  the  Duke.  This  production  was 
scarcely  worthy  of  him,  in  the  main  a  compilation  of  which  he  did 
not  exercise  the  critical  acumen  which  he  did  in  dealing  with  patients. 
It  was  savagely  attacked  by  Bouvart  and  others.  Bouvart's  pen 
was  sharpened  by  his  antagonism  to  inoculation,  Tronchin's  con- 
nection with  which  next  claims  our  attention. 

How  Lady  Mary  Wortley  Montagu  had  her  son  inoculated  at 
Constantinople  in  1718,  her  daughter  in  London  in  1720,  and  how 
the  practice  was  soon  after  adopted  in  England,  is  a  many  times  told 
tale.  Opposition  there  was  plenty,  as  well  from  the  doctors  as  the 
clergy.  The  Bishop  of  St.  Andrew^s  declared  in  the  pulpit  that  it  was 
tempting  God  to  engraft  a  disease,  and  his  ingenious  diagnosis  of 
Job's  parlous  state  was  inoculation  for  smallpox  done  by  the  devil 
himself.  Dr.  Zabdiel  Boylston  inoculated  his  son  in  Boston  in 
1721  "with  prayer  and  fasting."  But  the  Continent  would  have 
none  of  it. 

Tronchin,  in  1748,  while  still  in  Amsterdam,  and  president  of  the 
College  of  Physicians  there,  was  led  to  inoculate  his  older  son  by  the 
narrow  escape  of  the  younger  brother  from  dying  of  the  natural 
disease.  He  then  inoculated  nine  other  persons,  and  some  four 
years  later,  when  the  disease  was  rife  in  the  city,  others;  and  the 
leading  people  soon  came  to  regard  inoculation  with  favor.  During 
a  visit  to  Geneva,  in  1749,  he  inoculated  first  his  nephew,  and  then 
some  relatives  and  friends.  Thence  the  practice  spread  into  other 
parts  of  Switzerland.  He  insisted  on  the  importance  of  a  good  state 
of  general  health  as  a  prerequisite  to  inoculation.  He  sent  his 
patients  to  the  country,  made  them  exercise  and  eat  moderately. 
"Inoculation  demands  greater  precaution  in  Europe  than  in  the 
East,  where  a  simple  life  is  the  rule,"  he  says.  He  inoculated  on 
the  leg,  through  incision  in  adults,  small  blisters  in  young  children. 
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Thanks  to  his  rigid  and  far-sighted  precautions,  his  success  was 
unbroken. 

There  can  be  no  question  that  the  influence  of  Voltaire,  who  set- 
tled in  DeHces  in  1755,  just  as  Tronchin  returned  to  his  native  city, 
greatly  helped  the  cause.  He  wrote  Richelieu,  in  May,  1755: 
"Thirty  people  are  to  be  inoculated  this  month  in  Geneva.  The 
practice  has  the  same  following  and  success  as  in  England.  The 
turn  of  the  French  comes  late — but  it  will  come." 

In  1755  the  Chevalier  de  Chastellux  was  successfully  inoculated 
at  Paris.  It  was  he  who,  as  the  ^Marquis  de  Chastellux,  came  to 
this  country,  fought  in  our  Revolutionary  War,  and  published  his 
well-known  volumes  of  travel. 

The  death  of  Mile,  de  Chatelain  after  inoculation  put  an  end  to 
the  practice.  Soon  after,  however,  the  Duke  of  Orleans  decided  to 
have  his  two  children  inoculated,  and  to  intrust  the  operation  to 
Tronchin,  who,  without  confiding  in  anyone  either  his  destination 
or  errand,  started  for  Paris,  February  12,  1756.  In  spite  of  all  sorts 
of  pressure  against  the  experiment,  the  Duke  stood  firm,  and 
]\Iarch  25,  Louis  Phillippe,  later  to  be  called  Egalite,  and  still  later 
guillotined,  and  his  sister  were  inoculated  at  the  Palais  Royal, 
which  was  quarantined  for  three  weeks.  ^Mien  it  became  known 
that  the  children  were  well,  there  was  great  enthusiasm,  and  the 
curiosity  to  see  Tronchin  may  be  imagined.  The  street  that  he 
lived  in  was  almost  impassable  for  carriages,  and  he  was  the  chief 
subject  of  interest  and  talk  in  Paris. 

After  a  stay  of  about  four  months,  he  returned  to  Geneva,  toward 
which  patients  now  streamed  from  every  direction  to  seek  advice  or 
be  inoculated.  The  practice  made  no  headway  in  France,  however, 
for  twenty-odd  years,  though  it  was  cussed  and  discussed,  and  led 
to  such  stormy  scenes  in  the  Faculty  that  Parliament  was  forced  to 
intervene.  D'Alembert  says  that  the  sessions  of  the  Faculty  came 
so  near  to  being  bloody  as  to  warrant  calling  surgery  to  the  aid  of 
medicine. 

In  1759  Tronchin  was  called  to  Parma  to  inoculate  the  only  son  of 
the  reigning  duke,  whose  wife,  daughter  of  Louis  XV,  and  whose 
daughter  also  had,  at  an,  interval  of  four  years,  died  of  smallpox, 
one  at  Paris,  the  other  at  Vienna.     The  operation  was  a  perfect 
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success.  Eight  months  later  the  Duke,  who  had  thus  protected  his 
son,  succumbed  to  the  disease,  as  did  Louis  XV  in  1774. 

Two  months  after  Tronchin's  return  to  Geneva  to  Hve,  Voltaire, 
banished  from  France,  driven  from  Prussia,  after  a  year  of  wander- 
ing, settled  at  Delices,  later  removing  to  Ferney.  The  two  men 
had,  years  before,  corresponded,  perhaps  met.  In  1739  Tronchin 
writes  to  his  friend,  the  Chevalier  de  Jaucourt:  "It  is  mortifying 
to  reflect  that  Voltaire  is  a  scamp,  rattle-brained,  a  man  devoid  of 
both  judgment  and  conduct."  AVithin  a  year  after  Voltaire's 
arrival  near  Geneva  Tronchin  writes  again:  "AMiat  can  one  expect 
of  a  man  who  is  always  in  contradiction  with  himself,  whose  heart 
has  always  been  the  dupe  of  his  intellect?  His  moral  side  from 
earliest  infancy  has  been  so  abnormal  and  twisted  that  he  is  an 
artificial  being,  unlike  any  other.  Of  all  men,  the  one  whom  he 
knows  least  is  himself."  The  relation  between  the  two  became 
pretty  close.  Tronchin  never  approved  of  Voltaire,  and  seems  to 
have  understood  him  thoroughly.  His  position  and  influence  in 
Geneva,  and  the  favor  in  which  he  was  held  at  the  Court  of  France, 
were  no  mean  additions  to  his  professional  skill,  as  Voltaire  clearly 
saw.  The  poet  laid  siege  to  the  physician,  generally  addressing 
him  as  "Mon.  -Esculape,"  or  even  ".Esculape-Apollon." 

Tronchin  was  no  friend  of  either  tea  or  coffee,  which  latter  Vol- 
taire took  to  excess.  The  most  that  Tronchin  could  do  was  to  limit 
him  to  three  cups  a  day  of  a  mixture  of  coffee  and  chocolate.  No 
sooner  is  Voltaire  at  Delices  than  he  writes  to  his  banker  in  Lyons, 
Robert  Tronchin,  cousin  of  the  doctor,  to  send  him  a  rhubarb  root 
big  enough  to  purge  a  province.  He  finds,  however,  that  .Escu- 
lapius  prefers  cassia,  and  then  writes  for  twenty  pounds  of  it  as  a 
winter  supply.  He  is  solicitous  for  the  health  of  his  Paris  sister, 
Mme.  de  Fontaine,  and  suggests,  "Can't  you  give  her  equal  parts 
of  cassia,  manna,  and  oil  to  soften,  sweeten,  and  clean  the  dry 
entrails  of  the  niece  as  you  have  of  the  uncle?" 

The  mutual  relations  and  the  correspondence  of  these  two 
remarkable  men  throw  much  light  on  the  characters  of  both.  Xo 
brief  abstract  can  do  justice. 

After  the  death  of  Louis  XV  Vol  aire  returned  to  Paris,  and  was 
verv  anxious  lest  Tronchin   should  refuse  to   take  charge  of  his 
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health.  He  could  not  quite  bring  himself  to  follow  Tronchin's  good 
advice  to  return  to  Ferney  and  a  quiet  life.  Tronchin  took  care  of 
him  in  his  last  illness,  and  writes  Bonnet  of  the  unedifying  end  as 
follows:  "Had  my  principles  become  slack  and  needed  a  firm  bond, 
the  man  whom  I  have  seen  waste  away,  and  whose  death  agony  I 
have  watched,  would  have  furnished  a  very  Gordian  knot;  and  the 
contrast  between  the  death  of  a  good  man,  the  close  of  a  fine  day, 
with  that  of  Voltaire,  is  that  between  a  beautiful  day  and  a  tempest, 
between  the  serenity  of  the  soul  of  the  sage,  who  merely  ceases  to 
live,  and  the  frightful  torments  of  him  for  whom  death  is  the  King 
of  Terrors." 

In  1762  Tronchin  declined  the  appointment  of  physician-in-chief 
to  the  Duke  of  Orleans,  but  three  years  later  accepted,  and  betook 
himself  permanently  to  Paris,  making  only  infrequent  visits  to 
Geneva  thereafter.  He  was  lodged  at  the  Palais  Royal,  provided 
with  a  cook  and  three  lackeys,  a  carriage  and  two  pairs  of  fine  black 
horses.  He  says  that  his  purpose  in  changing  his  abode  was  to 
moderate  his  work  and  limit  his  enormous  correspondence,  for  we 
must  remember  that  he  advised  many  patients  only  by  letter,  on  a 
statement  of  their  physician,  without  seeing  or  examining  them 
himself.  This  was  more  feasible  at  that  day,  when  diagnosis  rested 
on  symptoms  rathe;  than  on  signs,  and  there  were  no  instruments 
of  precision.  He  was  doubtless  weary  of  the  civic  and  religious 
strife  then  rampant  in  Geneva,  from  which  he  could  not  keep 
entirely  clear. 

Professional  jealousy  was  again  awakened  in  Paris  on  his  return, 
though  the  surgeons  welcomed  him, 

A  prominent  ecclesiastic  who  consulted  him  for  intractable  facial 
neuralgia  submitted  to  double  nerve  section  under  his  supervision, 
with  brilliant  success. 

He  used  suspension  for  the  nine-year-old  Due  de  Chartres  for  a 
curvature  of  the  spine,  and  inveighed  against  the  heavy  and  brutal 
mechanical  appliances  of  the  time. 

The  Dauphin  of  France,  son  of  Louis  XV,  and  father  of  Louis 
XVI,  died  of  consumption.  Soon  after,  it  was  found  that  his  wife 
was  also  a  victim  of  the  disease,  doubtless  contracted  from  devotion 
to  her  sick  husband.     The  king,  much  to  the  disgust  of  the  Court 
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physicians,  had  Tronchin  called  in  consultation  January,  1767.  As 
soon  as  he  entered,  struck  by  the  foulness  of  the  air,  he  exclaimed : 
"The  princess  is  poisoned,"  and  ordered  the  windows  opened.  It 
was  the  custom  at  Versailles  to  shut  tight  all  windows  November  1 
— All  Saints'  Day — and  keep  them  so  until  Easter.  This  exclam- 
mation  was  twisted  in  meaning  to  imply  an  accusation  that  the 
Dauphiness,  as  gossip  said  had  been  the  fate  of  her  husband  and 
of  Mme.  de  Pompadour,  was  being  disposed  of  by  the  Due  de 
Choiseul,  and  won  for  Tronchin  the  undying  and  implacable  hatred 
of  that  statesman.  For  this  Tronchin  bore  no  malice,  and  even 
publicly  showed  his  esteem  for  the  fallen  Choiseul  when  he  went 
into  exile.  Tronchin  took  full  charge  of  the  princess,  giving  her 
fresh  air,  feeding  her  generously,  sending  her  out  on  foot  and  to 
drive.  The  fever  subsided,  and  for  a  time  she  improved,  but  a 
copious  hemoptysis  occurred,  and  she  failed  and  died  March  13, 
1767. 

The  Faculty  took  advantage  of  the  revolutionary  treatment  and 
every  feature  of  the  case  to  discredit  Tronchin,  but  without  success, 
save  to  cause  him  trouble.  He  retained  the  confidence  of  the  king, 
and  of  his  friends  and  patients. 

To  Dr.  C.  G.  Cumston  I  owe  a  reference  to  Tronchin  in  Casa- 
nova's Memoirs.  "I  have  been  assured,  though  I  have  difficulty  in 
believing,  that  he  (Tronchin)  cured  a  phthisical  subject  of  a  secret 
disease  by  means  of  the  milk  of  an  ass,  which  he  had  submitted  to 
thirty  massive  mercurial  frictions,  administered  by  four  strong 
porters."^ 

In  his  last  years  he  devoted  two  hours  daily  to  poor  patients, 
giving  them  the  money  to  buy  their  remedies.  He  died  at  the 
Palais  Royal  as  he  had  lived,  with  dignity  and  calm,  large  numbers 
of  the  poor  following  his  bier  to  the  grave. 

It  is  impossible  in  a  sketch  like  this  to  do  justice  to  its  subject. 
But  I  trust  I  may  have  succeeded  in  stimulating  some  of  you  to  read 
his  life  in  detail.  He  doubtless  had  faults — what  of  that?  It 
profits  not  to  seek  or  dwell  upon  them.  It  is  uplifting  as  well  as 
interesting  to  study  the  career  of  a  high-principled,  thoroughly 
trained  physician,  who,  far  in  advance  of  most  physicians  of  his 

1  Vol.  iv,  p.  455. 
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time,  followed  the  dictates  of  common  sense  in  therapeutics;  who 
worked  w^ith,  rather  than  combated,  nature,  and  to  give  him  a  tardy 
recognition,  which  was  accorded  by  the  laity  but  denied  by  the 
profession  of  his  time.  He  made  no  discoveries,  but  rendered 
enormous  service  to  a  great  number  of  people.  His  patients  became 
his  friends.  His  life  was  consistent  throughout.  He  was  one  of  the 
greatest  practitioners  of  medicine  the  world  has  seen.  This  may 
be  a  strong  statement,  but  I  believe  it  to  be  true.  We  can  all  profit 
by  his  example,  thanking  God  that  we  live  at  a  time  when  all  true 
physicians  are  humble  followers  and  students  of  Nature,  when  the 
impassioned  advocates  of  theory  and  h^-pothesis  have  gone  to  their 
long  rest,  and  when  ^Medicine  is  coming  to  her  Kingdom. 


DISCUSSION. 


Dr.  Willi.vm  P.  Xorthrup:  Apropos  of  the  first  sentence  in  Dr.  Shat- 
tuck's  paper,  "The  name  of  the  great  practitioner  of  medicine,  like  that  of  the 
great  advocate  in  her  sister  profession,  is  written  in  water,"  etc.,  one  of  the  pro- 
fessors in  the  Union  Theological  Seminary,  in  speaking  to  his  students  recently, 
gave  them  a  recipe  for  becoming  famous.  He  said:  "Put  forth  a  dogma,  write 
and  prepare  it  carefully,  sustain  it  with  great  ability,  make  the  dogma  the  most 
absurd  things  that  was  ever  heard  of  under  heaven,  and  you  will  be  famous  for 
all  time.  Nobody  will  believe  it,  but  everybody  will  quote  in  order  to  refute  it  to 
the  end  of  time." 


A  STUDY  OF  THE  OCCURRENCE  AND  SIGNIFICANCE 

OF  NEGATIVE  RESULTS  IN  BLOOD-CULTURE 

STUDIES. 


By  E.  LIBMAN,  M.D., 

NEW    YORK. 


Ix  practically  all  of  the  blood-culture  studies  which  have  been 
published  attention  has  been  dra^Ti  mainly  to  the  positive  findings 
and  their  significance.  As  the  result  of  a  study  of  over  1500  cases 
of  fever  by  means  of  cultures  made  from  the  blood,  we  have  been 
impressed  with  the  importance  of  directing  attention  to  the  signifi- 
cance of  negative  results  in  cases  in  which  the  question  of  the  presence 
of  a  bacteriemia  has  been  brought  up.  It  is  my  purpose  to  present 
to  you  the  main  facts  which  have  been  brought  out  by  our  studies.^ 
A  consideration  of  all  the  data  at  our  disposal  would  not  be  practi- 
cable, as  we  would  become  lost  in  a  mass  of  detail  and  because  a 
number  of  points  are  still  under  consideration. 

In  discussing  this  subject,  it  will  be  necessary  to  speak  largely 
on  a  number  of  subjects  which  belong  more  or  less  to  the  domain  of 
surgery  and  the  surgical  specialties.  But  the  internist  is  so  often 
called  upon  to  help  elucidate  the  cause  of  febrile  complications  of 
surgical  diseases  or  the  cause  of  a  fever  unduly  continued  after  the 
performance  of  an  operation,  that  I  have  considered  it  advisable  to 
present  the  subject  here. 

I. 

Under  what  conditions  do  we  find  blood  cultures  (properly  made) 
negative  in  cases  in  which  the  existence  of  a  general  bacterial  infection 
is  suspected? 

'  I  have  discussed  this  question  briefly  on  another  occasion  (Johns  Hopkins  Bulletin,  July, 
1906). 
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1.  The  case  may  not  be  one  of  infection  by  one  of  the  bacteria 
easily  cultivated  by  our  present  methods.^  It  may  be  a  case  of  tuber- 
culosis, actinomycosis,  or  syphilis;  it  may  be  due  to  an  infection  by 
protozoa;  it  may  be  due  to  parasites  of  any  kind  which  have  not  yet 
been  isolated.  It  may  be  a  case  of  newgrowth  with  fever,  or  a  case 
of  disease  of  the  hematopoietic  organs  (Hodgkin's  disease,  pseudo- 
leukemia, etc.).  It  is  particularly  when  these  last-named  conditions 
are  confined  to  the  abdominal  cavity  and  give  no  characteristic  local 
findings  that  the  diagnosis  of  a  general  infection  is  often  seriously 
entertained. 

2.  The  case  may  be  one  of  infection  by  one  or  more  of  the  ordinary 
bacteria,  but  they  may  not  be  present  in  the  l^lood  at  the  time  the 
blood  culture  is  made.  We  must  discuss  here  the  so-called  specific 
fevers  on  the  one  hand  and  the  local  infections  due  to  the  pyogenic 
organisms  on  the  other. 

(a)  The  remarks  on  the  specific  fevers  I  shall  make  very  brief. 
So  many  studies  of  the  bacteriology  of  the  blood  in  these  conditions 
have  appeared  in  recent  years  that  there  is  little  new  to  be  added. 
In  pneumonia,  as  you  know,  different  authors  have  found  organisms 
present  in  varying  percentages  of  the  cases,  ^^hile  it  is  probable 
that  the  blood  contains  cocci  at  some  time  in  every  case,  we  cannot 
be  sure  (except,  perhaps  in  very  severe  cases)  of  finding  the  cocci 
in  a  given  case  at  the  time  when  we  make  our  examination. 

In  t}^hoid  fever  the  bacilli  seem  to  be  present  in  every  case  until 
within  a  few  days  before  the  temperature  discontinues  being  constant. 
After  that  time  the  chances  of  finding  the  bacilli  become  less  and 
less.^  In  paratyphoid  fever  the  same  rule  probably  holds  good. 
But  there  are  not  enough  cases  of  this  disease  studied  as  yet. 

In  cerebrospinal  fever  the  organisms  quite  frequently  are  not 
found  in  the  blood.  Elser  found  them  present  in  25  per  cent, 
of  the  cases.  According  to  our  experience,  they  may  be  present  early 
in  the  severer  cases,  and  are  present  in  cases  which  have  fever  (and 

'  We  include  here  the  following  organisms:  the  tjishoid  bacillus,  paracolon  bacillus,  colon 
bacillus,  meningococcus,  Bacillus  proteus,  Bacillus  mucosus  capsulatus,  gonococcus,  Bacillus 
pyocyaneus,  glanders  bacillus,  anthrax  bacillus,  streptococcus,  pneumococcus.  Streptococcus 
mucosus,  staphylococci,  influenza  bacillus,  and  the  attenuated  cocci  found  in  certain  cases  of 
endocarditis. 

-  In  several  cases  corresponding  to  the  so-called  post-typhoidal  sepsis  we  have  not  found 
any  bacteria  in  the  blood. 
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arthritic  and  cutaneous  phenomena)  before  the  meningitis  develops. 
(Cases  have  been  reported  in  which  no  meningitis  developed.) 

In  influenza  we  have  had  negative  results,  but  our  studies  have 
not  been  extensive.  There  are  not  many  indubitable  positive 
findings  in  literature.  In  rheumatism  and  rheumatic  endocarditis 
we  have  found  no  bacteria  in  the  blood.  The  frequency  of  bacteri- 
emia  in  glanders  we  do  not  yet  know.  It  would  appear  that  the 
bacteriemia  occurs  frequently  in  the  acute  tvpe. 

I  might  interpolate  here  that  in  tuberculosis  of  the  lungs  neither 
in  early  nor  in  advanced  cases  have  we  encountered  any  examples 
of  invasion  of  the  blood  by  the  pyogenic  bacteria. 

(6)  In  discussing  the  cases  of  infections  due  to  the  so-called 
p^'ogenic  bacteria — and  these  form  the  basis  of  the  more  valuable  of 
our  studies — I  shall  group  vdth.  the  streptococci  and  staphylococci  the 
pneumococcus/  bacterium  coli,  Bacillus  proteus,  Bacillus  mucosus 
capsulatus,  and  gonococcus."  While  local  infections  and  bacteri- 
emiae  due  to  the  last-named  organisms  are  not  very  frequent,  a  study 
of  our  cases  indicates  that  the  same  rules  regarding  general  invasions 
apply  to  them  as  to  infections  by  streptococci  and  staphylococci. 

^^^lile  we  cannot  deny  that  in  every  local  infection  at  some  time 
or  other  bacteria  are  present  in  the  blood,  our  studies  show  that  there 
are  a  number  of  reasons  why  we  do  not  find  bacteria  in  the  blood  in 
a  given  case  at  a  given  time. 

The  bacteria  may  not  be  demonstrable  at  any  time  in  a  given 
case.  Often  they  are  present  early  in  the  course  of  the  infection 
and  disappear  later  with  or  without  secondary  foci  being  established. 
These  foci  may  be  established  some  days  after  the  bacteria  are  no 
longer  found  in  the  blood  current.  AMien  the  valves  of  the  heart 
become  infected,  the  bacteria  are  found  in  the  blood.  An  excep- 
tion to  this  statement  will  be  noted  in  the  second  section  of  the  paper. 

The  organisms  may  be  present  in  the  blood  only  until  the  local 
focus  has  been  properly  operated  upon.  It  is  often  remarkable  to 
see  how  rapidly  a  marked  bacteriemia  will  disappear  after  ligation 
of  the  jugular  vein  in  a  case  of  sinus  thrombosis  or  after  an  opera- 

1  In  including  the  pneumococcus  here,  I  have  reference  to  those  cases  only  in  which  a 
pneumonia  is  not  the  primary  lesion. 

2  The  bacillus  pyocyaneus  and  anthrax  bacillus  are  so  infrequently  found  that  I  shall  omit 
them  from  consideration  here. 
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tion  for  osteomyelitis.  In  a  case  of  sinus  thrombosis  recently  studied 
two  hundred  colonies  of  the  Streptococcus  mucosus  were  found  in 
each  cubic  centimeter  of  blood.  Two  days  after  ligation  of  the 
jugular  vein  the  blood  contained  no  bacteria.  In  a  case  of  osteo- 
myelitis of  the  humerus  there  were  found  five  hundred  colonies  of 
the  Staphylococcus  aureus  to  the  cubic  centimeter  of  blood.  In 
three  days  after  operation  the  blood  was  sterile. 

At  times  the  bacteria  will  invade  the  blood  current  for  a  short  time 
during  the  course  of  the  disease.  This  may  at  times  be  due  to  sur- 
gical intervention  in  a  case  in  which  l)acteria  were  not  previously 
demonstrable. 

In  some  cases  we  must  assume  that  metastatic  foci  are  set  up  by 
the  passage  of  a  bit  of  infected  thrombus  through  the  blood  (so- 
called  "infection  by  transport").  At  times  this  happens  even 
when  there  is  no  macroscopic  evidence  of  thrombus  formation.  In 
such  cases  bacteria  may  not  be  demonstrable  in  the  blood.  AMien 
a  secondary  focus  has  been  established  in  this  fashion  and  the 
peripheral  venous  circulation  is  not  part  of  the  pathway  of  the  in- 
fected material,  it  is  still  easier  to  understand  how  metastatic  foci  can 
be  developed  without  bacteria  being  found  by  means  of  blood 
cultures.  Such  a  condition  is  seen,  for  example,  when  a  brain  abscess 
is  caused  by  the  lodgement  of  a  bit  of  thrombus  from  a  pulmonary 
vein,  in  a  case  of  empyema. 

In  connection  with  some  forms  of  local  infections,  particularly 
when  they  are  extensive,  bacteriemia  is  quite  frequent,  subject  to  the 
conditions  we  have  described  above.  In  cases  of  osteomyelitis,  in 
particular,  systemic  invasions  are  frequent.  In  a  number  of  others 
it  is  surprising  to  find  that  notwithstanding  the  fact  that  the  lesions 
are  often  extensive  and  severe,  a  bacteriemia  is  not  often  found.  I 
shall  cite  some  of  these  conditions: 

1.  Secondary  Parotitis.  In  the  rare  instances  in  which  the  paro- 
titis is  a  true  metastatic  infection  bacteria  may  be  found  in  the 
blood.  But  in  the  form  which  complicates  operations  and  abdominal 
or  other  disease,  and  which  is  supposed  to  be  a  mouth  infection,  we 
have  not  found  bacteria  invading  the  blood  from  the  inflamed  gland. 

2.  Erysipelas.  In  only  one  case  (nasal  ervsipelas)  did  we  find  a 
bacteriemia. 
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3.  In  cases  of  mammary  abscess,  no  matter  how  extensive,  we 
did  not  meet  with  any  invasions  of  the  blood. 

4.  Empyema  does  not  usually  cause  a  bacteriemia. 

5.  In  osteomyelitis  of  the  inferior  maxilla  we  have  not  seen  a 
bacteriemia,  even  when  the  condition  was  complicated  by  thrombosis 
of  the  cavernous  sinuses. 

6.  In  cases  of  liver  abscess  we  have  seen  a  bacteriemia  only  when 
they  were  cholangitic  in  origin. 

7.  In  cholecystitis  we  have  been  able  to  demonstrate  a  bacteriemia 
only  when  cholangitis  was  present.  This  subject  requires  further 
study. 

8.  Appendicitis.  We  have  studied  60  cases  of  various  types. 
In  none  were  bacteria  present  in  the  blood.  In  one  case  which 
came  to  autopsy  there  was  found  an  acute  endocarditis  of  a  type  in 
which  we  always  find  bacteria  in  the  blood.  No  culture  had  been 
made  during  life.^ 

9.  In  a  study  of  cases  of  peritonitis  secondary  to  intestinal  disease 
(appendicitis,  necrosis  of  the  intestine  due  to  various  causes,  etc.),  we 
were  surprised  to  find  no  positive  blood  cultures. 

10.  In  the  pyelitis  of  pregnancy  it  is  the  exception  to  find  bacteria 
in  the  blood. 

11.  In  cases  of  extensive  infective  thromboses,  purulent  or  non- 
purulent, bacteria  may  be  absent  from  the  blood.  In  sinus  throm- 
bosis most  of  the  cases  show  bacteriemia  early,  but  some  do  not  later 
in  the  course  of  the  disease.  Some  cases  of  thrombosis  of  the  pelvic 
veins  and  inferior  cava  following  infections  of  the  female  genitals 
are  unaccompanied  by  a  bacteriemia  throughout,  even  though  there 
may  be  metastatic  abscesses  of  the  lungs  present. 

We  have  studied  fifteen  cases  of  suppurative  pylephlebitis,  most 
of  which  were  accompanied  by  liver  abscesses;  in  only  one  was  a 
bacteriemia  demonstrable  (pneumococcus).  But  in  this  case  the 
infection  of  the  vein  was  due  to  a  cholangitis  (due  to  calculous 
cholecystitis),  and  this  condition  may  have  been  the  starting  point 
of  the  bacteriemia.  In  the  cases  of  pylephlebitis  with  very  numerous 
liver  abscesses  there  must  at  times  be  bacteria  free  in  the  portal 

1  Sheitlis  has  reported  a  case  of  streptococcemia  in  appendicitis  (Medical  Record,  November 
2,  1907). 
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vein.  To  this  and  similar  conditions  I  have  apphed  the  terms 
"cryptic  bacteriemia"  and  "partial  bacteriemia."  We  could  also 
speak  of  a  "portal  bacteriemia." 

II. 

Of  what  value  are  negative  results  obtained  in  the  course  of 
examinations  of  the  blood  for  bacteria? 

The  data  which  I  have  given,  when  studied  in  connection  with 
individual  cases,  will  yield  many  facts  of  diagnostic  and  therapeutic 
value.  I  shall  attempt  to  emphasize  some  of  the  more  important 
conclusions  that  we  have  been  able  to  draw.  It  is  hardly  necessary 
to  direct  attention  again  to  the  necessity  of  controlling  the  bacterio- 
logical and  clinical  studies  by  means  of  each  other. 

1.  In  the  grouping  of  certain  cases  for  study,  negative  blood  cultures 
are  of  value.  For  example,  cases  of  chorea  without  bacteriemia^ 
should  be  classed  separately.  The  same  holds  true  of  such  condi- 
tions as  the  erythema  group,  acute  toxic  icterus,  and  the  purpuric 
diseases.  ^Mien  we  obtain  from  the  blood  of  such  cases  bacteria 
such  as  I  have  listed  above,  we  must  consider  the  chorea,  erythema, 
or  purpura,  as  the  case  may  be,  a  clinical  picture  due  to  the  toxins 
produced  by  the  bacteria  found.  The  cases  with  negative  cultures 
should  be  kept  in  a  separate  group  for  study.  Later  investigations 
may  show  that  even  this  group  is  not  due  to  a  single  etiological 
factor. 

2.  In  a  case  of  supposed  typhoid  fever,  if  the  blood  cultures 
have  been  negative  and  the  temperature  remains  constantly  high 
for  three  or  four  days  longer,  it  is  important  to  consider  the  possibility 
that  one  is  dealing  with  another  condition,  and  not  simply  view  the 
case  as  one  of  typhoid  fever  in  which  the  bacilli  have  not  been  found. 
In  a  case  which  I  observed  last  summer,  with  enlarged  spleen, 
atypical  roseola,  constant  temperature,  and  abdominal  symptoms, 
two  blood  cultures  were  negative.  The  temperature  remained 
constant,  about  104°  to  106°;  the  Widal  reaction  was  absent.  The 
case  proved  to  be  one  of  general  miliary  tuberculosis.  The  abdom- 
inal symptoms,  which  for  a  time  led  us  to  fear  a  perforation,  were  due 

'  I  exclude  all  agonal  and  terminal  invasions  in  the  remarks  that  follow. 
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to  recent  peritonitis  over  the  spleen,  liver,  and  a  coil  of  intestine  in 
the  right  iliac  fossa  (due  to  tuberculosis  of  these  viscera).  I  felt  that 
we  could  have  earlier  suspected  the  correct  diagnosis  (we  suspected 
it  only  on  the  day  before  death)  had  we  laid  greater  stress  on  the 
negative  cultures  with  a  continuance  of  a  constantly  high  tempera- 
ture. 

3.  A  negative  blood  culture  may  at  times  be  good  corroborative 
evidence  of  the  diagnosis  of  acute  articular  rheumatism.  In  some 
cases  of  general  infection  by  the  ordinary  pyogenic  cocci  the  clinical 
picture  may  resemble  rheumatism  (the  fluid  in  the  joints  may  or 
may  not  later  become  purulent).  We  have  seen  this  particularly 
in  cases  of  infection  of  otitic  origin.  In  some  cases  of  supposed 
rheumatism  we  have,  by  finding  attenuated  cocci  in  the  blood,  such 
as  are  found  only  in  cases  of  subacute  or  chronic  infection  of  the 
heart  valves,  been  able  to  draw  attention  to  the  real  seat  of  disease 
in  the  patient.^ 

4.  AATien  a  patient  has  a  local  infection  with  very  severe  con- 
stitutional disturbances,  it  is  often  of  prognostic  value  to  know 
that  there  are  no,  or  not  many,  bacteria  in  the  blood. 

Last  fall  I  took  care  of  a  man  who  suffered  from  an  inguinal  ade- 
nitis and  cellulitis  with  a  constitutional  disturbance  of  such  severity 
that  we  were  very  suspicious  of  a  severe  general  infection.  The 
primary  focus  was  opened  up,  some  pus  evacuated.  The  blood 
culture  was  found  negative,  a  fact  which  made  the  situation  much 
less  tense.  The  profound  constitutional  disturbance  disappeared 
rapidly,  the  patient  making  a  good  recovery.  Xo  metastatic  foci 
developed. 

5.  If  a  patient  has  a  local  infection  that  has  been  operated  upon, 
and  general  symptoms  persist,  a  negative  Islood  culture  shows  that 
there  is  no  systemic  invasion.  Either  the  local  trouble  has  not  been 
cleared  up  or  there  exist  metastatic  infections  or  an  intercurrent 
disease.  If  the  local  infection  is  so  situated  that  it  can  be  properly 
explored,  and  if  such  examination  does  not  show  sufficient  trouble  to 
account  for  the  symptoms,  metastatic  infections  or  intercurrent 
conditions  are  surely  present. 

1  Cases  in  this  group  quite  often  present  arthritic  phenomena.     As  a  rule,  however,  the 
joint  changes  are  not  of  a  markedly  acute  tjTJe. 
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We  have  seen  many  instances  in  which  this  viewpoint  was  ^of 
vakie.  In  a  case  of  cholecystitis  the  symptoms  continued  after  the 
gall-bladder  was  drained.  A  general  infection  was  believed  to  be 
present  by  the  surgeon,  but  the  blood  culture  was  negative.  A 
subphrenic  abscess  was  later  found  and  opened.  The  symptoms 
continued  and  a  general  infection  was  again  assumed  to  be  present, 
but  a  negative  blood  culture  again  showed  that  a  general  infection 
could  be  excluded.  Later,  an  interlobar  empyema  was  found. 
Often  the  report  of  a  negative  blood  culture  has  thrown  out  a  diag- 
nosis of  general  infection,  and  later  a  tuberculosis  of  the  lungs  or 
some  other  part  of  the  body  has  been  found  as  a  cause  of  the  persist- 
ence of  symptoms  after  a  pus  focus  had  been  properly  attended  to. 
I  could  cite  many  other  examples. 

A  patient  should  not  be  considered  as  having  a  general  infection 
unless  bacteria  are  demon straied  in  the  blood.  Much  harm  may 
otherwise  be  done.  And  I  may  state  here  again  that  a  small  number 
of  bacteria  cannot  by  themselves  be  held  accountable  for  marked 
constitutional  symptoms. 

6.  If  a  patient  has  had  a  local  infection  and  bacteriemia,  and  the 
bacteriemia  disappears  after  operation,  this  constitutes  a  certain 
amount  of  evidence  that  the  local  infection  is  under  control. 

7.  If  a  patient  has,  or  has  recently  had,  a  local  infection,  a  diagnosis 
of  infection  of  the  valves  of  the  heart  (so-called  "malignant"  or 
"ulcerative  endocarditis")  cannot  be  made  if  the  blood  cultures  are 
negative.  In  cases  in  which  the  heart  valves  were  infected  from 
local  lesions  we  have  found  bacteria  in  the  blood  in  every  case  except 
one.  That  was  a  case,  in  the  service  of  Dr.  Manges,  of  gonorrheal 
abscess  of  the  mitral  valve.  Originally  the  organisms  must  have 
passed  through  the  blood  to  have  infected  the  valve.  But  the  nega- 
tive results  of  our  cultures  were  easily  explained  by  the  fact  that  the 
only  lesion  on  the  valve  was  a  closed  sac  containing  pus  fidl  of  gono- 
cocci.  Cultures  at  an  earlier  date  might  have  been  positive.  For- 
tunately the  diagnosis  was  not  difficult  clinically.  As  it  is  well 
known  that  the  gonococcus  is  not  as  easy  to  cultivate  as  many  other 
organisms,  one  must  be  more  guarded  in  giving  one's  opinion  in 
cases  of  infection  by  this  organism. 

We  have  had  only  one  case  in  which  the  bacteria  were  present 
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in  one  culture  and  not  in  an  earlier  one,  although  the  endocarditis 
was  clinically  present  when  the  earlier  culture  was  made.  At  the 
time  at  which  the  case  was  studied  (six  years  ago)  our  methods  were 
not  as  good  as  they  are  now.  Nevertheless,  we  would  recommend 
the  making  of  two  cultures  in  all  doubtful  cases. 

The  point  which  I  raise  in  this  section  is  important  because  when 
a  diagnosis  of  "malignant  endocarditis"  is  once  made,  less  or  no 
attention  is  apt  to  be  paid  toward  clearing  up  a  primary  focus  or 
secondary  foci.  In  a  case  of  osteomyelitis  of  the  pubes  which  had 
been  thoroughly  treated,  a  consulting  surgeon  stated  that  the  case 
would  be  fatal  because  "malignant  endocarditis"  had  supervened. 
There  was  present  enough  clinically  to  suggest  such  a  diagnosis. 
On  the  basis  of  a  negative  blood  culture  I  stated  that  it  was  not  wise 
to  diagnosticate  a  valvular  infection,  and  that  some  other  cause 
should  be  searched  for.  There  was  found  an  osteomyelitis  of  the 
upper  end  of  the  left  femur.  This  was  operated  upon  and  the  patient 
recovered,  the  constitutional  disturbance  disappearing  promptly. 

8.  In  chronic  endocarditis  with  fever,  negative  blood  cultures  are 
of  value  in  excluding  recent  bacterial  infections  of  the  valves.  In 
some  of  the  cases  the  fever  curve  and  the  other  clinical  phenomena 
are  almost  identical  with  those  seen  in  some  cases  of  so-called  "ulcer- 
ative endocarditis."  It  is  unnecessary  to  discuss  here  the  various 
conditions  that  may  be  the  cause  of  more  or  less  prolonged  fever  in 
cases  of  chronic  endocarditis.  It  is  particularly  in  the  cases  in  which 
bits  of  thrombotic  material  or  bits  of  lime  from  a  calcareous  valve 
are  being  thrown  into  circulation,  and  in  which  petechife  are  present, 
that  we  find  the  resemblance  to  certain  cases  of  recent  bacterial 
infection  of  the  valves. 

In  a  patient  with  chronic  endocarditis,  who  is  suffering  from  a  local 
infection  anyu^here  in  the  body,  a  negative  blood  culture  may  be  the 
only  means  of  excluding  an  infection  of  the  heart  valve.  In  such  a 
patient  a  negative  blood  culture  at  the  height  of  the  infection  is 
very  reassuring,  for  there  is  often  present  the  fear  of  the  development 
of  an  acute  endocardial  lesion.^ 

1  We  do  not  know  how  often  cases  may  occur  in  which  the  valves  are  infected,  and  in  which 
the  patient  recovers  and  no  damage  occurs,  of  a  type  that  gives  evidence  of  the  implication 
of  the  valve  at  the  time  of  the  infection  or  after  recovery.  While  such  a  condition  is  possible, 
clinically  it  plays  no  role. 
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9.  Negative  blood  cultures  are  at  times  of  service  in  the  diagnosis 
of  infective  thromboses  of  veins,  and  especially  in  the  differential 
diagnosis  between  such  conditions  and  acute  endocardial  lesions. 

In  cases  of  postpartum  infection,  negative  blood  cultures  with  the 
co-existence  of  repeated  attacks  of  chills  and  fever  with  leukocytosis, 
even  if  there  are  only  slight  or  no  local  phenomena,  point  to  throm- 
boses of  veins  in  the  pelvis  (of  course  other  causes  such  as  a  pyelitis 
or  malaria  must  be  excluded).  ^Mien  the  question  of  ligation  of 
the  veins  comes  up  it  may  be  important  to  exclude  the  diagnosis  of 
acute  endocarditis. 

Occasionally  negative  blood  cultures  will  help  us  in  establishing 
the  diagnosis  of  pylephlebitis.  When  it  is  known  that  a  patient 
has  had  a  local  infection  in  the  portal  territory  (for  instance,  an 
appendicitis,  or  a  gangrenous  hemorrhoid),  it  is  natural  to  think  of 
a  suppurative  pylephlebitis  if  there  develop  repeated  seizures  of 
chills  and  fever  and  a  high  leukocyte  count. 

But  there  occur  cases  of  infective  thromboses  (purulent  or  non- 
purulent) in  the  portal  system  in  which  there  is  no  clinical  evidence 
of  a  primary  intra-abdominal  focus,  and  which  are  characterized 
by  only  vague  general  or  abdominal  symptoms,  repeated  seizures 
of  chills  followed  by  fever  of  varying  height,  and  a  high  leukocyte 
count.  Late  in  the  disease  the  diagnosis  may  be  made  simpler 
by  the  development  of  tenderness  over  the  liver,  evidences  of  liver 
abscesses  and  some  icterus,  or  a  slight  or  moderate  ascites. 

It  is  important  in  all  cases  characterized  by  repeated  chills,  high 
fever,  and  leukocytosis  to  keep  in  mind  the  possibility  of  throm- 
botic processes  in  veins.  The  veins  which  are  the  most  important 
for  consideration  are  the  veins  of  the  extremities,  the  lateral  and 
cavernous  sinuses,  the  pelvic  veins,  and  the  veins  of  the  portal  system. 
If  the  veins  of  the  extremities  are  affected,  the  diagnosis  is  usually 
evident.  If  the  lateral  sinus  or  cavernous  sinuses  or  the  pelvic 
veins  are  involved,  we  have  always  found  a  clue  in  the  evidence  of 
the  existence  of  a  primary  focus.  Infections  of  the  cavernous  sinuses 
usually  present  pronounced  local  symptoms,  by  means  of  which  the 
diagnosis  may  be  made.  Infections  of  the  lateral  sinus  or  of  the 
pelvic  veins  may  present  no  decided  local  evidence. 

By  exclusion  we  must  keep  in  mind  in  certain  cases  the  possi- 
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bility  of  the  infection  of  veins  in  the  portal  system.*  In  these 
cases  the  differential  diagnosis  sometimes  Hes  between  an  endo- 
carditis and  a  pylephlebitis.  But  in  the  cases  of  endocarditis 
which  we  have  encountered,  in  which  a  picture  similar  to  that 
found  in  pylephlebitis  was  seen,  we  have  always  found  bacteria 
in  the  blood.  So  that  when  the  question  arises  as  to  whether  a 
patient  is  suffering  from  an  acute  infective  endocarditis  or  a 
suppurative  pylephlebitis,  the  absence  of  bacteria  in  the  blood 
excludes  an  endocarditis.  It  is  hardly  necessary  to  add  that  a  posi- 
tive culture  does  not  exclude  a  pylephlebitis  because,  as  we  have 
stated  above,  it  is  possible  to  find  bacteria  in  the  blood  in  the  latter 
disease.  The  same  holds  true  in  connection  with  the  diagnosis  of 
infection  of  other  veins.  By  following  the  line  of  reasoning  above 
given,  we  have  been  enabled  in  several  cases  to  suspect  the  existence 
of  a  suppurative  pylephlebitis  in  patients  in  whom  there  was  clinically 
no  clear  evidence  early  in  the  disease  of  an  intra-abdominal  lesion. 
And  in  these  cases,  the  postmortem  examination  confirmed  our 
suspicions. 


DISCUSSION. 


Dr.  W.  H.  Welch:  Dr.  Libman's  analysis  of  his  large  mass  of  routine 
examinations  brings  out  conclusions  of  much  clinical  importance.  One  thing, 
I  think,  stands  out  from  a  general  bacteriological  point  of  \'iew.  Formerly  the 
idea  was  ■nidely  entertained  that  in  the  human  infections,  where  bacteria  are 
found  in  the  blood,  we  are  dealing  with  a  condition  similar  to  septicemia  in  the 
lower  animals.  Dr.  Libman's  results  indicate  that  at  least  in  many  instances 
the  bacteria  are  in  a  certain  sense  only  accidentally  present;  they  are  not  actually 
multiplying  in  the  blood,  but  are  swept  into  the  current  through  peculiarities 
of  the  local  infection,  as  when  the  focus  of  infection  is  located  upon  the  heart 
valves  in  a  thrombus,  and  so  on.  Particularly  significant  is  the  observation 
that  in  sinus  thrombosis  ligation  of  the  jugular  vein  is  followed  so  promptly  by 
disappearance  of  the  bacteria  from  the  general  circulation. 

Dr.  E.  Libmax:  Dr.  Welch  has  stated  what  I  hope  to  go  into  more  in 
detail  in  connection  with  a  paper  that  I  hope  to  publish  later  on  the  significance 
of  bacteremia.     Early  in  this  work  I  was  inclined  to  think  that  there  was  often 

^  It  is,  of  course,  necessary  in  such  cases  to  take  into  consideration  the  possibility  of  sj^philis, 
actinomycosis,  intra-abdominal  growths,  disease  of  the  intra-abdominal  lymphoid  tissues,  and 
obscure  forms  of  tuberculosis.  Into  the  diagnostic  questions  that  arise  in  this  connection 
I  hope  to  enter  on  a  later  occasion. 
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multiplication  of  the  bacteria  in  the  blood,  but  I  have  found  in  most  cases  that 
the  bacteria  are  simply  swept  into  the  blood  current.  The  focus  that  most 
often  serves  to  keep  them  there  is  an  infection  of  a  heart  valve.  In  cases  of 
mastoid  disease  we  often  find  most  striking  evidence.  We  have  had  quite  a 
series  of  cases  in  which  prompt  disappearance  of  the  bacteria  has  followed 
ligation  of  the  jugular  vein.  In  the  most  striking  there  were  two  hundred 
colonies  of  streptococci  to  the  cubic  centimeter  of  blood,  and  the  bacteria  dis- 
appeared in  two  days  after  ligating  the  jugular  vein.  Such  a  case  gives  clear 
evidence  that  what  we  are  often  really  dealing  with  is  an  invasion  of  the  blood 
current,  and  not  a  multiplication  of  bacteria  in  the  blood. 
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Mrs.  a.  V.  C,  aged  forty-three  years,  married,  born  in  Sweden,  family  history 
good.  She  has  had  six  living  children  and  two  miscarriages,  one  at  six  weeks,  a 
second  at  ten  weeks.  She  has  always  enjoyed  fairly  good  health.  During  the 
summer  of  1904  she  had  slight  edema  of  the  lower  limbs.  In  December,  1904, 
she  noticed  that  she  tired  easily,  felt  more  or  less  exhausted,  and  had  some  cough 
and  expectoration.  Early  in  1905  she  noticed  swelling  of  the  neck  and  some 
protrusion  of  the  eyes;  she  did  not  seem  particularly  nervous,  nor  did  she  give  a 
history  of  much  loss  in  weight.  She  was  first  seen  in  June,  1905.  At  this  time 
she  presented  the  typical  facies  of  Graves'  disease.  The  expression  of  her  face, 
^■ith  its  marked  exophthalmus,  was  striking.  Her  appetite  was  good;  her 
bowels  had  been  constipated  since  Xovember;  she  had  been  sleeping  poorly  of 
late;  there  was  no  history  of  any  digestive  disturbance;  she  had  no  headache. 

Physical  Examination.  Heart  apex  in  the  sixth  space,  a  little  to  the  left  of  the 
normal  position.  First  sound  lacked  in  muscular  quality^  and  was  accompanied 
by  a  systolic  bruit,  which  increased  in  intensity  toward  the  base  of  the  heart: 
second  sounds  were  well  balanced  and  of  normal  intensity;  the  lungs  were  clear; 
the  liver  dulness  extended  from  the  sixth  rib  to  the  margin  of  the  ribs;  the 
splenic  dulness  was  not  increased;  the  pulse  was  100,  of  poor  quality;  the  thyroid 
gland  was  much  enlarged;  a  loud  systolic  sound  was  heard  over  both  lobes,  also 
heard  over  supraclancular  and  infracla^^cular  regions;  reflexes  were  normal; 
there  was  some  nystagmus;  von  Graefe's  sign  present;  the  urine  was  1030,  no 
^Jbumin,  no  sugar,  indican  present,  dark  amber  in  color,  no  casts  were  found. 

A  diagnosis  of  Graves'  disease  was  made,  and  the  patient  was  placed  upon 
thyroidectin,  and  was  advised  to  rest.  She  returned  to  her  home  in  a  neighboring 
city,  and  was  not  seen  again  until  September  9.  Her  condition  was  now  dis- 
tinctly worse.  There  was  more  shortness  of  breath,  the  pulse  was  130,  and  the 
temperature  98.6°  Upon  examination  the  heart  was  found  dilated,  there  was  a 
distinct  gallop  rh^-thm.     Examination  of  lungs  showed  flatness,  and  absence  of 

1  Not  a  member. 
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breathing  over  the  left  chest.  The  liver  dulness  extended  from  the  sixth  rib  to 
the  umbilicus;  the  abdomen  was  large.  Patient  entered  the  General  Hospital 
September  14,  1905. 

September  15.  The  left  chest  was  aspirated,  and  1220  c.c.  of  brownish  serous 
fluid  were  removed.  Examination  of  the  fluid:  specific  gravity,  1015;  albumin 
present;  no  sugar;  blood  present;  some  endothelial  cells;  no  bacteria  found. 

IQth.  Patient  was  easier;  physical  signs  showed  harsh  breathing  over  the  left 
chest  and  a  coarse  friction  rub.  There  was  cough,  and  frothy,  mucopurulent 
sputum  was  raised. 

1 8ih.  Liver  dulness  extended  from  upper  border  of  the  fifth  rib  to  two  inches 
below  the  umbilicus,  and  was  ten  inches  in  width. 

2lst.  Cardiac  dulness  extended  one  and  one-cjuarter  inches  to  the  right  of  the 
median  line,  in  the  second  space,  and  two  inches  to  the  right  of  the  median  line 
in  the  fifth  space;  left  border  of  the  heart,  at  third  rib,  was  three  inches  to  the 
left  of  median  line,  six  and  one-fourth  inches  in  the  sixth  space.  The  heart  action 
was  irregular;  no  friction;  no  endocardial  murmurs  were  heard;  the  first  sound 
was  valvular  in  quahty. 

26th.  \Yhite  cells,  9400;  hemoglobin,  80  per  cent.  Examination  of  the  chest 
showed  fair  resonance  on  both  sides  posteriorly. 

October  5.  Patient  was  nervous  and  emotional.  She  had  a  chill  and  temper- 
ature of  101°.     There  was  unusual  prominence  in  the  right  subclavicular  region. 

Gth.  Temperature,  P.M.,  102°;  patient  was  excitable;  right  shoulder  and 
regions  above  and  below  cla\-icle  were  more  prominent  and  reddened. 

8^^  and  9th.  Some  pain  and  redness  in  the  right  shoulder  and  clavicular 
region. 

10//(.  Right  arm  was  larger  in  circumference  than  the  left,  and  was  somewhat 
painful. 

llth.  Circumference  of  the  left  arm,  six  inches  above  the  external  condyle, 
was  eight  and  a  quarter  inches;  right  arm,  same  region,  eleven  and  three-fourths 
inches.  Left  forearm,  two  inches  below  the  external  condyle,  was  eight  and  a 
half  inches;  right  arm,  same  region,  ten  inches.  There  was  a  feehng  of  boggi- 
ness;  there  was  pain  on  deep  pressure. 

12th.  Examination  of  the  heart  showed  first  and  second  sounds  of  equal 
duration;  no  murmur;  from  the  fifth  space  to  the  third  rib,  left  of  the  sternum, 
reduplication  of  the  second  sound  was  heard.  The  liver  dulness  extended  from 
the  fifth  rib  to  one  and  a  half  inches  above  the  umbilicus.  The  blood  showed  a 
leukocytosis  of  8460;  hemoglobin,  80  per  cent. 

14//(.  Swelling  extended  down  to  the  right  wrist;  there  was  a  small  nodular 
mass  under  the  axilla,  painful  on  pressure. 

15th.  Tissues  generally  edematous  on  the  right  side  of  the  face  and  upper 
part  of  right  thorax. 

20th.  Right  arm,  six  inches  above  the  external  condyle,  was  fourteen  inches 
in  circumference;  left  arm,  same  region,  nine  and  one-quarter  inches.  Right 
arm    two  inches  below  external  condyle,  twelve  and  one-quarter  inches;  left, 
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same  region,  eight  and  one-half  inches.  Right  wrist,  level  with  styloid,  eight 
and  one  quarter  inches;  left,  six  inches.  The  fingers  of  the  right  hand  were 
more  cyanotic  than  the  left;  the  face  was  more  edematous  and  cyanotic  on  the 
right  side  than  on  the  left.  The  superficial  veins  in  the  right  side  of  the  thorax 
were  prominent  and  engorged.  The  right  side  of  the  chest  became  still  more 
prominent.  There  was  edema  at  the  bases  of  both  lungs,  and  there  was  fluid 
in  the  right  pleural  cavity. 

2&h.     100  c.c.  of  straw  colored  fluid  were  removed  from  the  chest. 

29th.  Edema  more  marked;  extremities  were  cyanotic;  respirations  frequent 
and  labored;  the  superficial  veins  of  thorax  were  more  dilated. 

3Qth.  65  c.c.  of  slightly  turbid  fluid  were  withdrawn  from  the  right  chest. 
Patient  was  very  weak  and  exhausted. 

November  2.     450  c.c.  of  fluid  were  withdrawn  from  right  chest. 

3d.  Edema  of  the  chest  and  face  somewhat  less  marked.  The  veins,  especially 
on  the  back,  were  much  enlarged. 

4th.     2000  c.c.  of  fluid  were  withdrawn  from  the  right  pleural  ca\'ity. 

5th.  Jaundice  developed,  and  the  patient  gradually  became  comatose,  and 
died  November  9,  1905. 

Autopsy.  Nine  hours  later,  made  by  Dr.  N.  G.  Russell.  Pericardium  slightly 
thickened;  heart  was  slightly  enlarged,  but  not  increased  in  weight.  The  valves 
were  normal,  save  the  mitrals,  which  were  somewhat  thickened.  Aorta  shows 
no  sclerosis.  The  superior  vena  cava  and  both  innominate  veins  were  firm  and 
hxrd.  The  superior  vena  cava  and  right  innominate  contained  a  mass  of  pinkish 
gray  material,  which  could  not  easily  be  stripped  off.  The  left  innominate  was 
not  wholly  occluded.  There  were  some  adhesions  in  both  pleural  and  in  the 
pericardial  cavities.  The  right  lung  was  small  and  compressed  by  fluid.  The 
liver  was  large,  firm,  the  lobules  well  marked  on  section,  and  the  surface  irregular. 
The  thyroid  was  much  enlarged.  The  eyes  receded  in  their  sockets  and  were 
covered  with  the  lids. 

Postmortem.  Diagnosis.  Exophthalmic  goitre,  thrombosis  of  vena  cava  and  right 
vena  innominata,  also  practically  complete  thrombosis  of  the  left  innominate 
vein. 

The  case  presented  the  features  of  a  very  acute  form  of  Graves' 
disease,  the  course  extending  from  January,  1905,  to  her  death, 
November,  1905.  From  her  second  visit  in  September  until  her 
death  the  general  features  were  more  those  of  circulatory  failure 
than  those  due  to  disturbance  of  the  nervous  system.  There  was  an 
occasional  rise  in  temperature  before  the  signs  of  venous  thrombosis 
appeared.  The  thrombus  evidently  started  in  the  right  innominate 
vein.  For  a  day  preceding  the  formation  of  the  thrombus  there 
was  a  rise  in  temperature.     October  5,  the  day  of  onset,  she  had  a 
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chill,  and,  locally,  pain,  tenderness,  and  swelling  above  the  right 
clavicle. 

The  subsequent  course  was  one  of  progressive  obstruction  to  the 
venous  return,  as  evidenced  bv  the  increase  in  edema  of  the  arm  and 
face,  the  enlargement  of  the  superficial  vessels,  and  the  current 
flowing  downward  to  communicate  with  the  inferior  vena  cava.  Her 
temperature  immediately  after  a  chill  rose  to  102°,  and  then  gradu- 
ally declined,  to  reach  normal  two  weeks  later.  Welch,  in  an  article 
published  in  1900,  was  able  to  collect  38  cases  of  thrombosis  in  heart 
disease,  of  which  the  superior  vena  cava  was  thrombosed  partially  or 
wholly  in  6.  The  most  common  starting  point  was  in  the  left  jugular 
bulb,  left  external  jugular  vein,  or  left  innominate  or  subclavian 
vein.  The  left  side  was  affected  in  22  out  of  24  cases,  of  which  15 
were  unilateral  and  7  bilateral. 

In  searching  for  a  cause  for  the  tlirombosis  in  this  case,  three 
hypotheses  might  be  entertained: 

1.  The  pressure  of  the  enlarged  heart  might  have  been  sufficient  to 
obstruct  the  venous  return.  Pressure  of  the  left  auricle  in  mitral 
disease  may  possibly  induce  obstruction. 

2.  The  change  brought  about  in  the  blood  in  Graves'  disease 
renders  the  affected  individual  more  liable  to  infections  of  various 
kinds.  Although  there  was  no  leukocytosis  at  any  time  in  this  case, 
there  was  rise  in  temperature,  and  may  have  been  a  septicemic  con- 
dition developed  secondary  to  a  dyscrasia. 

3.  At  the  autopsy  the  fascict  covering  the  veins  appeared  to  be 
tense  and  thickened,  and,  with  venous  engorgement  resulting  from 
failing  circulation,  might  give  rise  to  obstruction  sufficient  to  favor 
thrombosis.  Thrombosis  of  the  superior  vena  cava  complicating 
Graves'  disease  appears  to  be  unique.  We  have  been  unable  to  find 
another  case  in  literature  after  extensive  search. 


DISCUSSION. 


Dr.  W.  H.  Welch:  I  am  inclined  to  assign  the  case  reported  by  Dr. 
Stockton  to  the  general  group  of  thrombosis  of  the  veins  of  the  neck  and  upper 
extremities  most  frequently  associated  with  cardiac  affection.  I  collected  and 
analyzed  these  cases  some  years  ago  in  Dr.  Jacohi's  Festschrift.     It  would  seem 
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possible  that  similar  conditions  favoring  this  type  of  thrombosis  may  occur  in 
Graves'  disease  where  disturbances  of  the  heart  belong  to  the  cardinal  symptoms. 
I  would  ask  Dr.  Stockton  the  condition  of  the  heart  in  his  case,  especially  as 
regards  dilatation  and  relative  tricuspid  insufRciency. 

Dr.  a.  Jacobi:  Was  the  thyroid  large  enough  to  interfere  with  the  venous 
circulation  ? 

Dr.  C.  G.  Stockton:  There  was  an  apical  systolic  bruit  heard  also  along 
left  border  of  the  sternum,  which  we  interpreted  as  being  due  to  both  mitral 
and  tricuspid  insufficiency.  However,  after  death,  besides  some  slight  thicken- 
ing of  the  mitral  valve,  we  had  no  fault  to  find  with  the  valves.  They  were 
competent.  We  were  therefore  inclined  to  regard  this  bruit  as  ha^^ng  been  of 
hemic  origin.  I  believed  and  still  think  that  the  heart  was  larger  during  life 
than  it  proved  to  be  at  autopsy. 

There  was  very  much  enlargement  of  the  thyroid  gland,  but  that  did  not  enter 
into  the  obstruction.  From  the  beginning  of  the  thrombosis  we  could  follow 
it  pretty  well.  It  occurred  rather  too  far  from  the  neck  and  head,  in  the  right 
subclavian  and  right  extremity,  to  have  been  due  to  the  pressure  of  the  gland, 
though  it  reached  the  neck  and  head  finally.  I  am  very  positive  that  this 
was  not,  strictly  speaking,  a  terminal  process.  The  patient  was  in  fairly  good 
condition  when  the  thrombosis  began. 


CONCERNING  THE  PRESENCE  OF  NEPHROTOXIC  SUB- 
STANCES IN  THE  SERUM  OF  ANTIVLVLS  WITH 
EXPERIMENTAL  NEPHRITIS/ 

By  RICHARD  M.  PEARCE,  M.D.,  and  H.  P.  SAWYER,^  M.D. 

(From  the  Bender  Laboratory,  Albany,  New  York.) 


DuEiXG  the  period  of  the  active  mvestigation  of  cytotoxic  immune 
sera  many  attempts  were  made  to  iitiHze  the  residts  of  the  study  of 
nephrotoxic  sera  m  the  explanation  of  various  comphcations  of 
chronic  renal  disease.  It  was  assumed  that  if  the  injection  mto  an 
animal  of  kidney  parenchyma  caused  the  appearance  in  the  serum 
of  that  animal  of  a  substance  toxic,  upon  injection,  for  the  kidney  of 
another  animal  (heteronephrotoxin),  it  should  be  possible  also  to 
produce  toxic  substances  m  the  serum  of  the  same  animal  by  so 
injuring  its  kidney  as  to  cause  degeneration  of  the  renal  cells.  The 
production  of  such  a  serum  (autonephrotoxin)  by  injuring  one  kidney, 
as  by  ligation  of  ureter,  vessels,  or  entire  pedicle,  was  attempted 
by  several  investigators,  who  claimed  to  be  able  to  thus  produce 
histological  changes  m  the  opposite  kidney  with  the  appearance  of 
albumin  in  the  urine.  The  serum  of  such  animals  also,  it  was  claimed, 
had  a  similar  effect  if  introduced  mto  a  normal  animal  of  the  same 
species  (isonephrotoxin).  Upon  such  experiments  was  based  the 
theory  that  m  chronic  nephritis  the  continual  degeneration  of  renal 
parenchyma  was  accompanied  by  an  equally  constant  formation  of 
autonephrol'ysin,  the  one  dependent  on  the  other,  and  that  there 
was  thus  brought  into  play  a  vicious  circle  capable  of  explaining 
the  course  of  this  disease.  Unfortunately  for  this  and  other  theories 
based  on  similar  observations,  much  of  the  early  work  on  immune 
cytotoxins,    on   account   of   faulty   methods,    has   been    discarded, 

1  Work  done  under  a  grant  from  the  Rockefeller  Institute  for  Medical  Research. 
-  Not  a  member. 
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the  theory  of  specificity  has  been  set  aside,  and  the  observation 
concerning  the  production  of  autonephrotoxin  by  experimental 
ligation  cannot  be  confirmed. 

There  is,  however,  a  phenomenon  brought  out  by  the  investiga- 
tions along  this  line  which  remains  unexplained  and  which  is  of 
peculiar  interest  in  connection  with  any  discussion  of  the  pathology 
of  nephritis.  This  is  the  observation  of  Lindemann^  that  the  serum 
of  an  animal  suffering  from  an  experimental  chromate  nephritis 
has  the  power  to  produce  lesions  of  the  kidney  when  introduced 
into  a  normal  animal,  and  also  my-  o\\ti  observation  of  similar  results 
when  the  serum  of  dogs  with  spontaneous  nephritis,  or  of  those 
with  lesions  due  to  nephrotoxic  serum,  as  has  also  been  noted  by 
Bierry,^  is  introduced  into  normal  dogs.  Such  injections  cause 
the  excretion  of  albumin  and  casts  and  histological  changes  in  the 
kidney.  These  observations,  which,  so  far  as  I  am  aware,  have 
never  been  questioned,  indicate  the  presence  in  the  serum  either  of 
a  substance  formed  anew  during  a  nephritis  or  an  accumulation  of 
toxic  substances  (metabolites)  normally  eliminated  by  the  kidney. 
The  phenomenon  is  quite  distinct  from  that  of  the  action  of  a 
substance  produced  by  immunization,  as  it  represents  presumably 
the  action  of  a  substance  or  substances  resulting  from  tissue  destruc- 
tion or  faulty  function,  or  both.  If  found  to  be  a  constant  attribute 
of  the  serum  of  experimental  nephritis  it  is  a  matter  of  extreme 
importance  in  connection  with  the  pathology  of  chronic  nephritis. 
We  have,  therefore,  largelv  on  account  of  the  interest  of  one  of  us  in 
various  problems  of  chemical  correlation  as  applied  to  the  kidney,* 
re-opened  the  subject  in  the  hope  of  determining  upon  what  factors 
the  observation  in  question  rests. 

Methods.  From  the  outset  the  object  of  our  investigation  has 
been  not  so  much  the  accumulation  of  positive  evidence  in  support 
of  this  phenomenon  as  a  thorough  control  study  of  the  possibilities 
of  error.     As  we  have  taken  the  appearance  of  coagulable  protein 

*  Ueber  das  Wesen  der  toxischen  Nephritis,  Centralbl.  f.  allg.  Path.  u.  path,  anat.,  1900, 
xi,  308. 

*  R.  M.  Pearce.  An  Experimental  Study  of  N^phrotoxins,  L'niv.  of  Penna.  Bull.,  1903, 
xvi,  217. 

'  Recherches  sur  I'injection  de  sang  et  de  scrums  n^phrotoxiques  au  chein,  C.  R.  Acad. 
d.  Sciences,  1901,  cxxxii,  1145. 

*  R.  M.  Pearce.  The  Theory  of  Chemical  Correlation  as  Applied  to  the  Pathology  of  the 
Eadney,  Annual  Address  before  the  Philadelphia  Pathological  Society,  April  23,  1908. 
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in  the  urine  as  the  criterion  of  kidney  injury,  we  have  attempted  to 
control  every  other  possible  source  of  such  protein.  For  this  reason, 
and  because  the  phenomenon  has  been  frequently  quoted  and 
generally  accepted  by  writers  on  diseases  of  the  kidney,  we  present 
our  methods  arid  results  in  considerable  detail.  As  this  study  is 
largely  a  control  investigation  of  a  definite  phenomenon,  and  not 
of  the  method  of  producing  it,  and  as  Bierry  and  Pearce  are  in 
accord  concerning  the  action  of  the  serum  of  an  animal  in  which 
nephritis  has  been  produced  by  a  nephrotoxic  immune  serum,  we 
have  not  repeated  the  experiments  of  the  former,  but  have  adopted 
instead  Lindemann's  simpler  method  of  utilizing  the  serum  of 
animals  with  chromate  nephritis.  A  study  has  also  been  made  of 
the  effect  of  the  serum  of  animals  with  uranium  nephritis. 

The  demonstration  of  the  possible  toxic  action  of  a  serum  on  the 
kidney  has  been  attempted  in  two  ways:  first  by  the  examination  of 
the  urine  after  the  injection  of  the  serum  of  animals  with  experi- 
mental nephritis,  and,  second,  the  action  of  such  serum  in  vitro, 
upon  renal  cells.  Dogs  and  rabbits  were  used.  In  experiments 
of  the  first  type  the  urine  was  examined  for  several  days  or  a  week 
for  albumin  and  casts.  This  is  very  important  in  both  dogs  and 
rabbits,  but  especially  in  the  former  on  account  of  the  frequency 
of  spontaneous  chronic  nephritis.  The  animals  which  were  to 
furnish  the  serum  received  injections  of  either  potassium  chromate, 
or  bichromate,  or  of  uranium  nitrate.  The  former  were  given  sub- 
cutaneously  to  rabbits  in  doses  of  0.03  gram  and  to  dogs  of  0.06 
gram  daily,  or  every  other  day,  and  the  latter  in  like  manner  in  doses 
of  0.0075  gram  to  rabbits  and  0.015  gram  to  dogs.  Aii  estimation 
of  the  degree  of  kidney  injury  was  obtained  by  daily  examination 
of  the  urine.  The  animals  were  bled  from  the  femoral  artery  after 
periods  varying  from  two  to  five  days.  The  serum  thus  obtained 
was  injected  into  normal  animals,  always  of  the  same  species,  as  soon 
as  possible  after  bleeding,  usually  within  two  to  four  hours,  although 
occasionally,  on  account  of  slow  separation  of  the  clot,  the  serum 
stood  over  night  before  being  used.  The  injections  into  rabbits 
were  made  into  the  ear  vein  without  anesthesia.  Dogs  received 
the  serum  either  in  the  abdomen  without  anesthesia,  or,  after  incision 
of  the  skin,  in  a  small  subcutaneous  vein  opposite  the  second  joint 
of  the  hind  leg  under  light  ether  anesthesia. 
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In  these  experiments  the  presence  of  coagulable  protehi  and  of 
casts  in  the  urine  have  been  taken  as  evidence  of  an  influence  of  the 
serum  upon  the  kidney.  All  possibilities  of  contamination  of  the 
urine  were  avoided.  The  animals  were  kept  in  metabolism  cages, 
which  were  scrupulously  cleaned  daily,  and  the  food  limited  to  dog 
biscuit,  which  could  not  readily  become  mixed  with  the  urine.  In 
those  experiments  with  dogs,  in  which  the  skin  was  incised  before 
the  injection,  the  woimd  was  carefully  dressed  in  order  to  prevent 
oozing  of  blood  or  serum.  Dogs  developing  a  diarrhea,  as  occa- 
sionally happened,  were  discarded. 

Owing  to  the  almost  constant  presence  of  mucin  in  the  dog's 
urine,  as  shown  by  Jackson  and  one  of  us^  elsewhere,  and  the 
necessity  of  controlling  this  in  the  test  for  protein,  the  following  pro- 
cedure was  adopted :  Four  portions  of  absolutely  clear-filtered  urine 
were  placed  in  test-tubes;  the  first  served  as  control,  to  the  sepond 
acetic  acid  only  was  added,  to  the  third  acetic  acid  and  potassium 
ferrocyanide  solution,  and  the  fourth  was  heated  and  acetic  acid 
then  added.  The  amount  of  acid  added  to  each  tube  was  always 
the  same,  and  approximately  the  same  quantity  of  urine  was  used 
daily.  By  this  method  the  clouding  or  precipitate  due  to  mucin 
was,  we  think,  accurately  controlled.  This  clouding  of  normal 
dog's  urine  by  the  presence  of  mucin  may  be  expressed  thus:  0, 
-1- ,  + ,  -|- .  This  we  have  taken  as  a  normal  standard,  and  when 
clouding  in  both  third  and  fourth  tubes  has  been  greater  than  that 
in  the  second,  we  have  considered  it  evidence  of  the  presence  of 
protein,  and  the  degree  of  clouding  we  have  indicated  by  multi- 
plying the  plus  signs. 

The  centrifuged  sediment  of  the  urine  has  been  examined  with 
special  regard  to  the  presence  of  casts,  renal  cells,  and  red  and  white 
blood  corpuscles. 

Results.  Eight  dogs  received  the  serum  of  dogs  with  chromate 
nephritis.  Of  these,  four  were  injected  intravenously.  In  one, 
receiving  the  serum  in  dose  of  1  c.c.  to  578  grams  of  body  weight, 
no  change  in  the  urine  occurred.  In  a  second  and  a  third,  doses 
1  to  493  and  1  to  350  respectively,  a  trace  of  protein  was  present 

1  R.  M.  Pearce  and  H.  C.  Jackson.  Concerning  the  Production  of  Cytotoxic  Sera  by  the 
injection  of  Nucleoproteids,  Jour.  Infec.  Dis.,  1906,  iii,  74  2. 
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in  the  urine  on  the  day  following  the  injection.  In  the  latter  of  these 
a  few  fine  granular  casts,  renal  cells,  and  leukocytes  were  found  in 
the  sediment.     The  fourth  experiment  is  given  in  detail  as  follows: 

Dog  61.  February  28,  female,  weighing  15,330  grams,  placed  in  metabolism 
cage.  February  29  to  March  3,  urine  contains  no  albumin  and  sediment  is 
negative. 

March  3.  Received  in  small  vein  of  leg,  under  light  ether  anesthesia, 
32  c.c.  (dose  1  to  480)  of  serum  of  chromate  dog. 

4th.  Cage  urine  (70  c.c,  Sp.  Gr.  1034)  contains  a  considerable  amount  of 
coagulable  protein,  which  unfortunately  was  not  estimated.  Sediment  shows 
numerous  fine  fat  globules  and  cells  of  the  type  of  renal  cells  and  a  few  poly- 
morphonuclear leukoc\i:es;  no  casts,  no  red  blood  corpuscles.  Urine  from 
bladder  at  11  a.m.  amounts  to  70  c.c,  with  a  specific  gravity  of  1020,  and  contains 
0.5  per  cent,  protein  by  the  Esbach  method.  Sediment  contains  numerous 
cells  of  renal  type  and  a  few  leukocytes.  Urine  from  bladder  at  3  p.m.,  16  c.c. 
in  amount;  Sp.  Gr.,  1034;  protein,  2.5  per  cent.;  sediment  unchanged. 

5th.  Cage  urine  amounts  to  154  c.c,  specific  gravity  is  1042,  and  Esbach 
method  gives  2.5  per  cent,  protein,  sediment  as  oh  the  4th.  Urine  from  bladder 
at  9  A.M.  contains  but  a  trace  of  protein,  with  elements  of  sediment  fewer  in 
number. 

6th.  Protein  0.25  per  cent.,  sediment  contains  few  renal  and  pus  cells,  but 
no  casts. 

7th.     Same  as  on  the  6th. 

8th.  Urine,  165  c.c,  specific  gravity  1038,  color  amber,  protein  0.25  per  cent.; 
sediment  contains  a  small  number  of  renal  cells  and  leukocytes  and  fat  globules 
and  for  the  first  time  a  few  finely  granular  casts. 

9th  and  10th.     Protein  and  sediment  as  on  the  8th. 

llth.  275  c.c.  of  urine,  specific  gravity  1029,  protein  in  traces  which  cannot 
be  estimated  by  Esbach;  sediment  negative  except  for  an  occasional  leukocyte. 

12th  to  loth.     Urine  normal.     Weight  of  dog  on  March  15  is  14,420  grams. 

In  order  to  control  the  possible  toxic  action  of  ether  on  the  kidney 
and  also  any  accidental  admixture  of  protein  to  the  urine,  by  oozing 
of  blood  or  serum  from  the  incision  over  the  injected  vein,  four 
dogs  received  serum  injected  directly  into  the  peritoneal  cavity 
without  ether  and  without  incision.  The  dose  varied  from  1  to 
287  to  1  to  490.  In  all  of  these  the  injection  was  immediately  fol- 
lowed by  the  appearance  in  the  urine,  for  a  period  of  two  to  five  days, 
of  traces  of  protein  and  small  numbers  of  finely  granular  casts,  but 
in  none  was  the  amount  of  protein  equal  to  that  in  the  urine  of  dog  61, 
previously  described.  The  following  experiment  is  typical  of  this 
group : 


160  PEARCE,  sawter:  experimental  nephritis 

Dog  63.  February  28,  male  puppy,  weighing  4970  grams,  placed  in  metab- 
olism cage.  February  29  to  March  3,  urine  normal.  Results  of  tests  for  protein 
give  the  mucin  reaction  (0,  +,  +,  +).     Sediment  negative. 

March  4.  10  c.c.  of  chromate  serum  (dose  1  to  490)  injected  into  peritoneal 
cavity. 

bth.  Protein  tests:  0,  +,  3+,  3  +  ;  sediment,  few  renal  cells  and  leukoc}ies; 
no  casts. 

^th.  Protein  tests  same  as  on  5th;  sediment  as  above  with  addition  of  a  few 
finely  granular  casts. 

1th.     Xo  urine. 

^th.     Same  as  on  6th. 

^th,  lOth,  and  llth.     Urine  normal. 

It  is  worthy  of  note  that  the  lesions  produced  were  not  as  severe 
or  as  constant  as  those  described  by  Lindemann. 

The  experiments  with  uranium  serum  mclude  one  dog  injected 
intravenously  and  four  intraperitoneally.  The  intravenous  injection 
(dose  1  to  1000)  was  followed  by  an  elimination  of  casts  without 
albuminuria.  The  casts  were  present  in  small  numbers  and  were 
of  a  finely  granular  type,  with  an  occasional  hyaline  or  epithelial 
cast  and  a  few  renal  and  white  blood  cells.  The  casts  appeared  on 
the  first  and  third  days  after  injection,  and  could  not  be  found  on 
the  fourth  and  fifth  days.  Casts  had  not  been  present  in  the  pre- 
liminary examination  covering  a  period  of  six  days. 

On  account  of  the  peculiar  result  of  this  experiment,  the  animal 
was  injected  intraperitoneally  on  the  fifth  day.  The  same  serum, 
which  had  been  kept  on  ice,  was  used  in  dose  of  1  to  370.  Casts 
of  the  finely  granular  and  hyaline  types,  renal  cells,  and  leuko- 
cytes reappeared  in  the  urine  for  two  days,  but  no  protein  could  be 
detected. 

Of  the  three  experiments  in  which  uranium  serum  was  injected 
intraperitoneally,  one,  dose  1  to  408,  was  negative,  and  the  other 
two,  doses  1  to  400  and  1  to  635,  showed  a  transient  elimination 
of  small  amounts  of  coagulable  protein  with,  in  one,  a  few  hyaline 
and  finely  granular,  casts,  and  in  the  other  no  casts. 

Although  these  experiments  with  dogs  give  a  fair  proportion  of 
positive  results,  a  small  number  of  similar  experiments  with  rabbits 
were  absolutely  negative.  Three  rabbits  received  uranium  serum 
and  two,  chromate  serum,  in  doses  of  5  to  12  c.c.  (1  to  110  to  1  to  350), 
with  no  change  whatever  in  the  urine. 
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Although  this  investigation  has  to  do  mainly  with  the  effect  of 
the  serum  of  experimental  nephritis,  the  detection,  in  the  course 
of  our  routine  examinations  of  several  instances  of  spontaneous 
nephritis,  has  permitted  the  testing  of  such  serum.  In  an  earlier 
communication,  one  of  us  (Pearce^)  describes  the  occurrence  of  albu- 
minuria with  the  elimination  of  casts  in  three  of  seven  dogs  receiving 
such  serum  intravenously.  Of  the  present  experiments,  two  in 
number,  one  confirms  this  earlier  experience.  The  serum  of  a  dog 
with  spontaneous  nephritis,  eliminating  from  2  to  5  per  cent, 
protein  and  an  abundance  of  casts  throughout  the  month  during 
which  it  was  under  observation,  had  a  definite  nephrotoxic  power 
in  dose  of  1  to  210.  The  serum  of  a  second  doff,  with  a  less  severe 
nephritis,  had  no  effect  in  the  same  dose. 

The  occurrence  of  spontaneous  nephritis  in  the  rabbit  was  observed 
but  once.  An  animal,  eliminating  0.5  to  1.25  per  cent,  protein 
daily,  was  bled  and  its  serum  injected,  in  doses  of  10  c.c.  (1  to  150), 
into  two  rabbits  with  no  effect. 

In  three  instances  dogs  with  spontaneous  nephritis  were  utilized 
in  another  way.  It  occurred  to  us  that  if  the  serum  of  an  experi- 
mental nephritis  has  a  toxic  action  on  the  normal  kidney,  it  might 
have  the  power  to  aggravate  an  existing  spontaneous  nephritis. 
One  of  these  dogs,  therefore,  was  injected  intravenously  with 
uranium  serum  in  dose  of  1  to  400,  and  a  second  with  chromate 
serum  intraperitoneally  in  dose  of  1  to  460,  but  without  effect  on 
the  elimination  of  protein  or  casts.  In  a  third  experiment  of  this 
type  a  dog  weighing  9010  grams,  with  a  very  severe  nephritis, 
received  40  c.c.  of  uranium  serum  intravenously,  and  at  the  same 
time  20  c.c.  in  the  abdomen,  without  result. 

A  word  may  be  said  about  another  phase  of  this  subject.  Bierry 
and  also  Pearce  have  shown,  apparently  conclusively,  that  the 
serum  of  a  dog  suffering  from  a  nephritis  caused  by  a  heteronephro- 
toxic  serum  (prepared  by  injecting  the  rabbit  with  dog's  kidney) 
has  a  definite  nephrotoxic  power  when  injected  into  the  blood  stream 
of  a  second  dog.  We  have  not  repeated  these  experiments,  but  in 
the  course  of  our  work  on  another  problem  we  found  it  necessary 
to  procure  the    reverse  type  of  immime  nephrotoxic  serum;  that  is, 

1  Loc.  cit. 
AmPhys  11 
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one  toxic  for  the  rabbit's  kidney  (prepared  by  injecting  rabbit's 
kidney  into  the  dog).  This  serum  had  a  definite  toxic  action  on  the 
rabbit's  kidney,  but  the  serum  of  rabbits  so  treated,  when  injected 
into  normal  rabbits  (dose  1  to  100  to  1  to  200),  had  no  nephrotoxic 
effect  as  is  the  case  in  the  dog. 

It  is  noteworthy  that  by  no  method  of  experimentation  have  we 
been  able  to  demonstrate  a  nephrotoxic  action  of  the  serum  of 
rabbits  with  kidney  injury. 

The  question  arises  as  to  whether  the  toxic  action  of  the  serum 
of  an  experimental  nephritis  in  the  dog  may  be  due  not  to  some 
peculiar  substance  developmg  as  the  result  of  injury  to  kidney  cells, 
but  to  metabolites  retained  as  the  result  of  imperfect  kidney  function. 
We  have  performed  no  experiments,  such  as  the  injection  of  the 
serum  of  animals  with  complete  nephrectomy,  to  test  this  point, 
but  have  found  that  the  serum  of  animals  with  experimental  reduc- 
tion of  the  kidney  substance  to  one-fourth  the  normal  amount  has 
no  effect  on  the  kidney  of  normal  dogs.  This  conclusion  is  based 
on  experiments  with  the  sera  of  two  dogs :  the  serum  of  one  obtained 
one  month  and  of  the  other  two  months  after  extirpation  of  three- 
quarters  of  the  kidney  substance.  Thirty  c.c.  of  the  first  serum  was 
injected  in  a  dog  weighing  5440  grams  and  32  of  the  later  in  a  dog 
6000  grams  in  weight.  In  neither  did  protein  or  casts  appear  in  the 
urine. 

The  power  of  the  serum  of  experimental  nephritis  to  agglutinate 
renal  cells  m  vitro  was  tested  with  seven  sera.  A  mixture  of  renal 
cells  in  salt  solution  was  prepared  from  the  washed  kidney,  and 
to  0.5  c.c.  lots  in  test-tubes  were  added  5  c.c.  of  each  of  the  sera  to 
be  tested.  Cell  mixtures  and  sera  were  used  within  a  few  hours 
after  they  were  obtained.  Observations  were  made  every  hour 
for  six  hours.  As  a  control  normal  dog  serum  was  used.  Three 
sera  of  dogs  with  uranium,  three  with  chromate,  and  one  with 
spontaneous  nephritis  were  tested  in  this  way.  In  no  instance  did 
agglutination  occur,  and  the  degree  of  precipitation  did  not  differ 
from  that  of  the  control.  Xo  difference  in  cell  structure  could  be 
detected  by  microscopic  examination. 

In  so  far  as  this  method  of  testing  may  be  of  value  these  results 
point  to  tiie  absence  of  an  isonephrotoxic  activity  of  the  serum  of 
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experimental  nephritis,  and  the  results  are  not  in  accord  with  those 
obtained  by  injecting  the  same  sera  into  the  living  animal. 

In  addition  to  the  various  methods  of  control  which  we  have 
described,  there  is  naturally  the  question  of  the  elimmation  by 
the  kidney  of  an  excess  of  protem  injected  into  the  blood  stream. 
In  view  of  the  fact  that  the  injections  have  always  been  made  into 
an  animal  of  the  same  species  and  also  that  the  amounts  injected 
have  been  comparatively  small,  this  factor  could  be  set  aside  at 
once  if  it  were  not  for  a  curious  observation  of  Weiss. ^  This  inves- 
tigator, as  the  result  of  a  very  extensive  series  of  experiments,  came 
to  the  conclusion  that  all  foreign  sera  cause  albuminuria  of  some 
degree,  but  that  homologous  sera  do  not,  except  when  the  serum 
of  one  sex  is  injected  into  the  opposite  sex.  His  evidence  on  the 
latter  point,  however,  rests  on  a  single  experiment  in  which  traces  of 
protein  resulted  from  injecting  the  serum  of  a  male  into  a  female 
rabbit,  and  his  quotation  of  Favaret's  single  observation  of  a  like 
result  upon  injecting  the  serum  of  a  bitch  into  a  dog.  In  our  control 
experiments  we  have  kept  this  point  in  mind,  but  have  not  been  able 
to  confirm  it.  Injections  of  normal  dog  serum  into  the  dog  in  doses 
as  high  as  1  to  300,  and  of  normal  rabbit  serum  into  the  rabbit  in  doses 
of  1  to  150,  have  failed  to  produce  albuminuria  irrespective  of  the 
sex  of  the  animal  furnishing  or  receiving  the  serum.  As  we  have 
always  used  homologous  sera,  the  toxic  effect  of  an  alien  serum  does 
not  come  into  question. 

We  have  also  controlled  the  possibility  of  a  periodic  albuminuria 
in  the  dog.  For  this  purpose  four  dogs  were  set  aside  and  the  urine 
of  each  examined  daily  for  periods  of  ten  days  to  two  weeks.  In 
none  was  albuminuria  found  nor  were  casts  present  during  this  time. 
Each  gave  the  mucin  reaction,  but  nothing  more.  During  this 
period  two  of  these  dogs  were  etherized  and  small  quantities  of  blood 
taken  from  the  jugular  vein  without  any  effect  on  the  urine.  These 
latter  served  therefore  as  controls  also  of  our  operative  procedure. 

The  possibility  of  carrying  over  in  the  serum  minute  amounts  of 
the  salts  mjected  must  be  considered.  Attempts  to  detect,  bv  the 
usual  tests,  the  presence  of  chrome  and  uranium  salts  in  the  filtrate 
of   the   serum  concentrated   after   coagulation  have   failed.     Such 

'  Ueber  die  Wirkungen  von  Blutserum-injectionen  im  Blut,  Arch.  f.  d.  Ges.  Phys.,  1896, 
Ixv,  215. 
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tests,  however,  are  not  verv  sensitive  and  it  is  possible  that  traces 
may  have  been  present.  If  present,  the  amount  must  have  been 
so  minute  that  it  seems  very  improbable  that  they  could  have 
anything  to  do  with  the  lesion  described.  Certainly  they  appear  to 
have  had  no  effect  in  the  experiments  with  rabbits,  and  on  this  evi- 
dence alone  we  feel  justified  in  ruling  out  the  possibility  of  carrying 
over  these  salts  in  the  serum. 

In  addition  to  the  various  controls  described  we  have,  by  careful 
selection  and  elimination,  ruled  out  the  possibility  of  an  admixture 
to  the  urine  of  protein  substances  from  local  inflammatory  conditions, 
as  balanitis  in  the  dog,  or  lesions  of  the  uterus  or  vagina  in"  the 
bitch.  The  surface  of  the  entire  body  as  well  as  the  mouth  of  each 
animal  has  also  been  carefully  examined  for  lesions  capable  of 
allowing  a  discharge  of  blood  or  serum.  As  the  food  has  been 
limited  to  dry  dog  biscuit  and  the  cage  carefully  screened  to  prevent 
particles  dropping  into  collecting  bottle,  we  believe  the  presence  of 
protein  from  the  food  can  be  ruled  out. 

In  short,  we  have  investigated  every  possible  source  of  error 
which  suggested  itself,  but  have  been  unable  to  explain  the  presence 
of  albumin  in  the  urine  except  by  a  toxic  action  of  the  serum  on  the 
kidney. 

Conclusions.  The  positive  results  here  described  confirm  the 
observation  of  Lindemann,  Bierry,  and  Pearce  that  the  serum  of 
dogs  with  various  types  of  nephritis  has  a  toxic  action  on  the  kidney, 
manifested  by  the  appearance,  for  a  short  time,  of  protein  and 
casts  in  the  urine. 

A  very  complete  series  of  control  observations  offers  no  explana- 
tion for  the  appearance  of  protein  other  than  as  the  result  of  injury 
to  the  kidney. 

It  has  not  been  possible  to  demonstrate  a  nephrotoxic  power  for 
the  serum  of  rabbits  with  experimental  nephritis,  and  it  is  therefore 
manifestly  improper  to  assume  that  this  nephrotoxic  power  is  a 
constant  characteristic  of  the  serum  of  all  animals  suffering  from 
nephritis. 

For  this  reason,  although  the  phenomenon  observed  is  suggestive 
and  worthy  of  investigation  on  a  larger  scale,  it  should  be  utilized 
with  caution  in  any  theoretical  explanation  of  the  pathology  of 
chronic  nephritis. 


SPLENIC   ANEMIA,   SPLENECTO:\IY,  AND   RECOVERY. 

WITH  STUDIES  OF  THE  BLOOD  COVERING  A  PERIOD  OF  SEVEN  YEARS. 


By  morris  J.  LEWIS,  M.D., 

PHYSICIAN"   TO   THE    PENXSTLVAXIA   HOSPITAL  AND   THE    ORTHOPEDIC    HOSPITAL  AND 
INFIRMARY  FOR   NERVOUS  DISEASES,    PHILADELPHLA. 


The  fact  that  the  patient,  whose  case  I  report  herewith,  has  been 
subjected  to  a  careful  study  for  a  long  period  of  time,  four  years 
before  and  three  years  following  the  operation  of  splenectomy, 
makes  the  case  worthy  of  record.  During  this  whole  period  of 
seven  years  a  large  number  of  blood  examinations  have  been  made 
most  accurately  for  me  by  one  man,  Dr.  W.  Estell  Lee,  chief  resident 
physician  of  the  Pennsylvania  Hospital,  Philadelphia,  to  whom  I  wish 
to  give  credit.  The  question  of  the  personal  equation,  which  often 
interferes  with  the  accuracy  of  work,  is  thus  reduced  to  a  minimum. 

J.  M.,  a  male,  was  seventeen  years  of  age  at  the  time  of  operation 
in  1904.  He  had  been  under  my  professional  care  since  infancy, 
but  came  under  particular  observation  in  1900,  at  which  time  the 
first  enlargement  of  the  spleen  was  detected.  Shortly  after  his  birth, 
which  was  a  most  difficult  one,  his  mother  was  found  to  be  suffering 
from  nephritis,  which  had  affected  other  members  of  her  family. 
Some  years  later,  after  another  pregnancy,  she  died  uremic.  The 
patient's  father  is  of  a  very  nervous  temperament,  but  otherwise 
healthy.  At  the  age  of  two  years  the  patient  was  enormously  fat, 
but  seemed  to  be  perfectly  healthy.  His  family  was  living  near  the 
Schuylkill  River,  in  a  somewhat  malarial  neighborhood,  and  the 
child  had  several  attacks  of  indisposition  with  fever,  during  which 
the  probability  of  malaria  was  considered,  but  at  no  time  could  the 
Plasmodium  be  discovered  in  his  blood.  In  1900,  when  thirteen 
years  of  age,  he  was  found  wanting  in  tone  and  quite  pallid,  with  a 
decided  bronchitis.     Examination  of  his  spleen  showed  it  to  be 
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slifijhtly  enlarged.  Quinine,  iron,  and  arsenic  were  administered 
with  apparent  benefit. 

In  March,  1901,  an  examination  of  his  blood  showed  5,260,000 
red  cells,  5460  leukocytes,  and  74  per  cent,  of  hemoglobin.  No 
Plasmodia  were  discovered;  there  was  marked  poikilocytosis.  The 
organs  of  the  chest  and  abdomen  appeared  normal.  The  boy  was  a 
very  large  eater,  with  constipation  alternating  with  diarrhea.  His 
abdomen  was  large,  and  had  always  been  so,  and  he  had  occasional 
attacks  of  indigestion.  At  this  time,  curiously,  no  enlargement  of 
the  spleen  could  be  detected,  although  palpation  and  percussion 
caused  pain. 

In  May,  1902,  an  examination  of  his  blood  showed  red  blood 
cells,  4,688,000;  leukocytes,  8000,  and  hemoglobin,  69  per  cent. 
No  malarial  organisms  were  found,  and  the  poikilocytosis,  though 
slight,  persisted.  In  October  of  this  year,  after  a  summer  holiday 
at  Digby,  Nova  Scotia,  his  spleen  was  found  to  be  enormously 
enlarged,  extending  two  and  one-half  inches  below  the  lower  border 
of  the  ribs.  His  blood  showed  red  cells,  5,400,000 ;  leukocytes,  4800, 
and  hemoglobin  72  per  cent.  He  looked  quite  pale,  was  languid 
and  disinclined  to  play,  and  his  bowels  were  capricious.  He  was 
growing  considerably  taller  and  heavier,  but  not  keeping  up  his 
strength.  His  weight  was  ninety-six  and  three-quarter  pounds.  By 
the  spring  of  1903  he  had  made  a  decided  improvement.  His  red 
cells  were  5,420,000,  his  leukocytes  6200,  and  his  hemoglobin  84 
per  cent;  all  poikilocytosis  had  disappeared.  His  color  was  better 
and  the  spleen  appeared  to  have  diminished  in  size  and  was  abso- 
lutely painless  to  percussion  and  palpation. 

In  the  autumn  of  1903  he  returned  from  Europe  looking  well. 
"\Miile  there,  several  physicians  were  consulted,  but  no  light  was 
shed  upon  the  diagnosis  or  treatment.  He  now  weighed  111  pounds, 
which  rapidly,  on  his  return,  increased  to  119^.  The  splenic  area 
remained  the  same.  Notwithstanding  his  improved  appearance,  his 
red  cells  had  fallen  to  4,340,000,  and  his  hemoglobin  to  69  per  cent. 

By  the  spring  of  1904  his  appearance  had  further  improved,  his 
red  cells  had  risen  to  5,020,000,  and  his  hemoglobin  to  90  per  cent. 
He  still  was  given  to  overeating,  ate  too  fast,  and  as  a  consequence 
suffered  from  occasional  indigestion. 
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On  the  night  of  May  22,  1904,  after  an  unusually  hearty  meal,  he 
felt  nauseated  and  vomited  a  little  blood,  but  there  was  no  melena 
or  diarrhea.     In  the  morning  he  felt  sufficiently  well  to  go  to  school. 

On  the  morning  of  the  25th  he  awoke  feeling  oppressed,  but 
not  nauseated,  and  had  an  explosive  attack  of  vomiting  of  blood; 
the  amount  vomited  was  very  large,  one  of  the  family  remarking 
that  the  bathroom  looked  like  a  "shambles."  During  the  day  this 
vomiting  of  blood  was  twice  repeated,  and  later  in  the  day  he  had  a 
large  tarry  evacuation. 

\^Tien  seen  in  the  evening  he  was  ghastly  pale  and  had  very  violent 
pain  to  the  right  of  the  ensiform  cartilage,  about  over  the  notch  of 
the  liver.  His  abdomen  was  distended,  but  there  was  no  rigidity  of 
the  recti  muscles.  Palpation  over  the  region  of  the  gall-bladder 
elicited  decided  pain.  The  stomach  was  greatly  distended,  the 
greater  curvature  extending  nearly  to  the  horizontal  line  of  the  navel. 
His  temperature  was  102°  F.  During  the  night  he  had  two  large 
tarry  evacuations.  He  was  at  once  removed  to  the  Pennsylvania 
Hospital,  where  he  had,  during  the  next  night,  several  bloody  evacua- 
tions. His  hemoglobin  was  now  only  30  per  cent,  and  his  red  cells 
2,200,000.  By  the  next  morning  his  temperature  had  returned 
to  normal  and  his  stomach  had  returned  to  its  normal  position. 
The  area  of  the  splenic  dulness  had  decreased  decidedly  (Figs.  1, 
2,  and  3) .  On  the  26th  the  hemoglobin  had  fallen  to  25  per  cent. , 
and  brighter  blood  began  to  be  passed  with  the  stools. 

On  account  of  the  previous  sjonptoms  pointing  to  gastric  indiges- 
tion and  the  continuance  of  the  bleeding  from  the  bowel,  the  question 
of  gastric  or  duodenal  ulcer  was  considered.  A  consultation  was 
held  with  Drs.  Le  Conte  and  Harte,  and  the  operation  of  posterior 
gastro-enterostomy  was  decided  upon  and  performed  by  Dr.  Harte. 
During  the  operation  no  sign  of  ulcer  was  detected  either  in  the 
stomach  or  bowel.  The  patient  rallied  slowly  from  the  operation, 
during  which  two  quarts  of  normal  salt  were  used  by  transfusion. 

During  the  next  two  days  he  had  fourteen  bloody  evacuations, 
losing  in  all  thirty-six  ounces  of  blood,  but  by  the  29th  practically 
all  bleeding  had  ceased.  On  ^lay  31  and  June  1  his  hemoglobin 
percentage  was  only  18. 

He  made  an  uneventful  recovery  from  the  gastro-enterostomy,  all 
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stitches  being  removed  by  the  end  of  the  second  week,  at  which  time 
his  spleen  was  found  to  extend  three  inches  below  the  margin  of  the 
ribs  in  the  midaxillarv  line. 

Shortly  after  this  his  liver  enlarged  decidedly,  his  abdomen  be- 
came distended,  and  considerable  ascites  appeared.  His  evacuations 
were  now  frequent  and  liquid,  but  not  bloody.  By  July  12  he  was 
considered  to  have  improved  sufficiently  to  be  sent  to  Adantic  City 


Fig.  1 


Fig.  2 

Figs.  1  and  2. — Area  of  splenic  dulness  as  marked  on  the  patient  shortly  before 

operation. 

to  recuperate.  Occasional  bloody  streaks  appeared  in  his  evacua- 
tions until  the  middle  of  August.  By  September  he  was  feeling 
well,  had  a  good  appetite  and  no  trouble  with  digestion,  and  was 
able  to  walk  without  fatigue.  His  hemoglobin  was  52  per  cent., 
his  red  cells  numbered  3,400,000  and  showed  slight  poikilocytosis, 
and  his  leukocytes  were  4200.  By  October,  1904,  his  spleen  had 
increased  much  in  size  (Fig.  3).  He  had  gained  four  pounds 
in  weight  and  his  blood  had  improved  slightly,  showing  a  hemo- 
globin percentage  of  54,  and  a  red  cell  count  of  4,200,000.  He 
was  having,  on  an  average,  six  bowel  movements,  slightly  streaked 
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with  blood,  every  day,  but  no  true  hemorrhage.  The  large  spleen 
appeared  to  be  freely  movable,  and  examination  of  the  other  organs 
was  negative. 

He  was  again  admitted  into  the  Pennsylvania  Hospital,  and  the 
operation  of  splenectomy  was  decided  upon.  The  patient  felt  no 
inconvenience  at  any  time  from  the  previous  operation  of  gastro- 
enterostomy, although  in  the  light  of  the  further  study  of  the  case 


H — I 1 — I — I— I — I — I- 
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May  1904. 
After  Hemorrhage  q^^  jsoa 

Fig.  3. — Variations  in  the  size  of  spleen  as  shown  by  percussion  and  palpation. 

and  the  diagnosis  of  chronic  splenic  anemia,  which  it  was  feared  was 
in  the  terminal  stage,  or  Banti's  disease,  we  regretted  having  per- 
formed it.  It  is  true  the  hemorrhage  lessened  after  the  operation, 
and  the  thought  has  since  arisen  whether  possibly  the  adhesions 
which  must  have  formed  had  not  really  had  the  effect  of  an  acci- 
dental Talma's  operation,  forming  an  anastomosis  between  the 
internal  veins  and  those  of  the  abdominal  wall,  thus  relieving  the 
venous  congestion  and  really  improving  his  condition.  This  result 
occurred  after  gastro-enterostomy  in  a  case  of  profuse  gastric  hemor- 
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rhase  seen  bv  me  in  consultation  with  Dr.  Wm.  J.  Taylor,  of  Phila- 
delphia,  and  later  reported  by  him/  Could  it  be  possible  that  the 
lessened  motions  of  the  stomach,  consequent  upon  the  operation,  had 
been  effective  in  diminishing  the  venous  oozing?  for  after  the  fourth 
day  very  little  blood  was  passed  by  the  bowel. 

The  operation  of  splenectomy  was  performed  by  Dr.  Harte  on 
October  14,  1904.  The  spleen  was  found  tightly  adherent.  Silk 
ligatures  were  used  for  the  many  adhesions  and  for  the  splenic 
vessels.     Gauze  drainage  was  used. 

This  case,  although  not  heretofore  reported  by  Dr.  Harte  or 
myself,  has  been  listed  as  a  successful  case  of  splenectomy  by  Dr. 
G.  E.  Armstrong,^  of  ^Montreal,  Canada,  and  also  by  Dr.  Gaston 
Torrance,^  of  Birmingham,  Alabama.  This  fact  is  referred  to 
here  for  accuracy,  in  order  that  it  may  be  seen  that  these  two 
reports  and  mine  all  refer  to  one  and  the  same  case. 

The  patient  reacted  fairly  comfortably,  but  in  six  days  a  slight 
pleural  effusion,  with  impairment  of  expansion  of  the  posterior 
portions  of  the  left  lung,  was  discovered.  A  week  later  pericarditis 
supervened,  but  from  ihis  and  the  pleural  effusion,  and  from  a 
secondary  abscess  in  the  wound,  which  was  opened  on  September  9, 
and  from  which  three  ounces  of  pus  was  discharged,  he  recovered 
perfectly.  A  sinus  remained  for  weeks  subsequently,  and  all  the  silk 
sutures  were  discharo^ed  one  bv  one  until  23  were  collected,  when  the 
sinus  closed  entirely  (the  end  of  October,  1905),  and  has  since  given 
no  trouble.  At  this  time  he  looked  well,  weighed  126  pounds 
(clothed),  had  a  good  appetite,  and  never  felt  better  in  his  life.  He 
was  able  to  take  exercise  freely  without  any  sense  of  strain. 

By  the  next  year  he  again  had  some  sense  of  indigestion,  which 
was  undoubtedly  due  to  indiscretions  in  diet.  At  no  time  has  there 
been  any  pigmentation  of  the  skin  or  enlargement  of  the  th}Toid  or 
of  the  lymphatic  glands.  The  patient  now,  in  1908,  seems  to  be  in 
perfect  health,  although,  as  might  be  expected,  indiscretion  in  diet 
causes  some  distress  and  diarrhea.  He  weighs  over  130  pounds, 
he  is  very  active,  and  takes  exercise,  swimming,  etc.,  with  perfect 
comfort.     He  has  had  no  further  hemorrhage. 

1  Trans.  Coll.  of  Phys.,  Philadelphia,  1906. 

-  Brit.  Med.  Jour.,  November  10,  1906,  Case  No.  25. 

3  Charlotte  (Alabama)  Medical  Journal,  1907,  Case  XXXL 
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As  a  proof  of  his  occasional  indiscretion  in  diet,  he  has  been  known, 
since  the  operation,  to  eat,  on  a  wager,  twelve  ears  of  corn  at  one 
sitting,  and  not  suffer  seriously  in  consequence,  except  for  a  diarrhea 
which  yielded  to  appropriate  treatment.  An  inveterate  acne  vulgaris 
appeared  shortly  after  the  operation  and  still  remains,  notwithstand- 
ing all  efforts  to  relieve  it. 

The  blood  charts  (Figs.  4,  5,  and  6)  show:  (1)  The  percentage 
of  hemoglobin  and  the  red  blood  cells  per  cubic  millimeter  from 
March  16,  1901,  to  February  20,  1908.  (2)  The  total  leukocyte 
count  for  the  same  period;  and  the  polymorphonuclear  leuko- 
cytes, the  large  mononuclear  leukocytes,  and  the  lymphocytes,  all 
per  cubic  millimeter,  for  two  periods:  ^lay  5,  1904,  to  July  22, 1904, 
and  from  October  14,  1904,  to  February  20,  1908.  (3)  The 
eosinophiles  and  basophiles  per  cubic  millimeter  also  for  two 
periods:  May  28,  1904,  to  July  22,  1904  (the  gastro-enterostomy 
period),  and  from  October  14,  1904  (the  splenectomy  period),  to 
February  20,  1908. 

The  continuous  tracings  on  the  charts  represent  the  period  when 
but  a  day  or  so  elapsed  between  the  examinations,  while  the  isolated 
records  represent  the  examinations  which  have  been  made  at  con- 
siderably longer  intervals.  To  join  both  of  these  records  with  a 
continuous  tracing  would  give  an  erroneous  impression  as  to  time 
relationship.  The  total  number  of  the  elements  of  the  blood  have 
been  calculated  for  each  cubic  millimeter  rather  than  recording  the 
percentages. 

In  examining  Fig.  4,  it  is  seen  how  profuse  the  hemorrhage 
was,  as  the  hemoglobin  fell  from  90  per  cent.,  where  it  was  but  a 
short  time  before  the  loss  of  blood,  to  18  per  cent.,  which  low  point 
was  reached  a  few  days  subsequently;  this  and  the  subsequent  rise 
to  health  is  represented  by  the  continuous  line  and  by  the  isolated 
records.  The  broken  line  shows  the  red  blood  cells  per  cubic 
millimeter. 

In  Fig.  5  two  periods  of  leukocytosis  are  seen,  the  first  being  a 
posthemorrhagic  leukocytosis  in  jNIay,  1904,  and  the  second  period 
corresponding  with  the  time  of  removal  of  the  spleen.  A  rapid  rise 
to  over  10,000  per  cubic  millimeter  occurred  in  three  days,  this  rise 
being  evidently  largely  due  to  the  inflammatory  complications  which 
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followed  the  operation:  pleural  effusion,  pericarditis,  and  the  abscess 
in  the  wound;  this  continued  until  24,000  leukocytes  per  cubic 
millimeter  was  reached,  after  which  the  count  rapidly  fell,  so  that 
within  one  month  after  the  operation  it  averaged  10,000  per  cubic 
millimeter;  this  average  has  remained  until  the  present  time,  con- 
siderably higher  than  it  was  before  the  violent  vomiting  of  blood, 
at  which  time  the  count  averaged  about  6000  per  cubic  millimeter, 
and  very  much  higher  than  the  low  quiescent  period,  between  the 
two  operations,  when  it  averaged  4000  per  cubic  millimeter.  As 
all  apparent  cause  of  leukoc^iosis  is  absent,  unless  it  might  be  the 
pronounced  acne,  it  is  difficult  to  dissociate  it  from  the  removal  of 
the  spleen  and  the  consequent  compensatory  reaction  of  the  bone 
marrow.  Ehrlich  and  others  distinctly  assert  that  leukocytosis  is 
purely  a  function  of  the  bone  marrow.  The  pol}inorphonu clear 
count  follows  very  closely  in  character  the  tracing  of  the  total 
leukoc^-tes,  and  shows  a  marked  increase  over  normal  immediately 
after  the  splenectomy  period  and  during  the  subsequent  inflam- 
matory complications,  but  it  soon  falls  to  normal.  The  l^'m- 
phocAies  show  a  moderate  irregular  rise  at  two  periods:  at  two 
weeks  and  at  one  and  a  half  years  after  the  removal  of  the  spleen, 
and  even  here  the  normal  count  of  from  20  to  25  per  cent,  of  the 
total  leukocytes  was  barely  reached. 

Fig.  6  is  most  interesting,  and  shows  the  marked  eosmophilia 
which  occurred  immediately  after  the  splenectomy.  The  large 
number  .of  eosinophile  records  which  were  made  previous  to  the 
operation  also  renders  this  chart  valuable,  as  in  most  cases  of  splenec- 
tomy but  few  records  have  been  taken  previous  to  the  operation. 
This  absence  of  pre-operative  eosinophilia  rather  points  to  the  fact 
that  the  functions  of  the  spleen  were  not  entirely  abrogated  by  disease, 
else,  according  to  Kurloff 's  law  of  the  secondary  reaction  of  the  bone 
marrow,  they  would  have  been  increased. 

During  June  and  July  the  eosinophile  count  varied  from  10  to  100 
per  cubic  millimeter,  with  an  average  of  50,  during  which  time  the 
total  leukocyte  count  fell  from  16,600  to  1200  per  cubic  millimeter. 
There  is  but  little  change  in  the  eosinophile  count  for  this  period, 
but  if  the  total  leukocyte  count  is  examined  it  will  be  seen  that  a 
very  great  change  in  the  percentage  of  the  former  occurs. 

Am  Phys  12 
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The  method  of  tabulating  the  actual  count  of  the  blood  elements 
per  cubic  millimeter  is  preferable  to  registering  the  percentage,  as  the 
latter,  as  has  just  been  stated,  may  change  decidedly  without  corre- 
spondingly altering  the  actual  count.  The  high  eosinophile  record 
of  1800,  on  October  31,  1904,  out  of  a  total  leukocyte  count  of  16,000 
is  only  equivalent  to  11.2  per  cent.,  while  the  much  lower  records 
of  630  eosinophiles,  on  November  3,  1904,  out  of  a  total  leukocyte 
count  of  13,000,  and  of  670  on  November  8,  1904,  out  of  a  total 
leukocyte  count  of  24,000,  represents  4.8  per  cent,  and  2.8  per  cent., 
respectively,  which  would  lead  one  to  an  erroneous  opinion  as  to 
their  actual  numbers.  Two  depressions  in  the  tracing  correspond 
to  the  time  of  the  pericarditis  and  the  abscess  formation.  The  two 
very  low  points,  100  and  203,  respectively,  per  cubic  millimeter,  do 
not  correspond  with  any  recognizable  changes  in  the  patient's 
physical  condition,  nor  with  anything  unusual  in  the  tracings  on  the 
other  charts. 

The  sudden  postoperative  eosinophilia  does  not  agree  with  the 
statements  of  Kurloff,  or  of  Hartmann  and  Vaquez,  who  state  that 
eosinophilia  is  a  late  manifestation  after  this  operation,  and  is  due, 
as  previously  stated,  to  the  secondary  reaction  of  the  bone  marrow, 
the  so-called  compensatory  eosinophilia. 

In  the  case  of  splenectomy  reported  by  StengeP  7.8  per  cent,  of 
eosinophiles  were  found  on  the  day  before  the  operation,  but  as  he 
neither  mentions  the  number  per  cubic  millimeter  nor  the  total 
number  of  leukocytes,  the  record  cannot  be  compared  with  my 
tracing.  It  is,  however,  a  positive  eosinophilia  antedating  the  opera- 
tion. An  immediate  drop  to  0.2  per  cent,  occurred,  and  then  a  rise 
on  the  fourth  day  to  10.5  per  cent.,  or  a  total  of  1335  per  cubic 
millimeter;  but  in  this  case,  as  in  mine,  the  record  was  probably 
modified  by  a  serious  postoperative  complication;  in  Stengel's  case, 
pneumonia. 

Kurloff,  in  his  studies  on  splenectomized  guinea-pigs,  quoted  by 
Ehrlich,  reaches  the  conclusion  that  a  hnnphocytosis  "occurs  so 
constantly  in  the  course  of  the  first  year  after  the  operation  as  to 
constitute  a  characteristic  of  the  absence  of  the  spleen,"  and  that  this 
lymphocytosis  "in  the  majority  of  cases  retrogrades  during  the  course 

'  Trans    Assoc.  Amer.  Physicians,  1904. 
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of  the  first  year  even  to  a  condition  in  which  a  less  number  of  lym- 
phocytes than  normal  is  produced."  This  condition  does  not  obtam 
in  the  present  case,  as  may  be  seen  in  Chart  II ;  neither  did  it  occur 
in  Stengel's  case. 

Hartmann  and  Vaquez,  quoted  by  Ehrlich,  conclude  that  splen- 
ectomy causes:  (1)  A  slight  postoperative  increase  of  the  red 
blood  corpuscles,  and  a  genuine,  though  very  transitory,  acute 
hyperleukocytosis.     (2)  A  primary  decrease  of  hemoglobin,  which 
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Fig.  7. — Photograph  of  the  spleen  immediately  after  removal.      (The  measurements 
are  in  centimeters.) 

gradually  rises  again  to  normal.  (3)  After  four  to  eight  weeks  a 
lymphocytosis  of  varying  duration.  (4)  A  moderate  eosinophilia 
occurring  late,  after  many  months. 

The  correct  understanding  of  the  blood  changes  after  splenectomy 
in  man  can  only  be  attained  when  splenectomy  is  performed  for 
injury  to  that  organ  in  a  previously  healthy  individual  and  when  the 
wound  heals  without  any  complications  supervening,  a  condition 
probably  impossible  to  attain.  This  study,  however,  enhances  our 
knowledge  of  the  blood  and  the  changes  occurring  in  it  after  splenec- 
tomy, and  justifies  the  report. 

The  size  of  the  spleen  may  be  seen  in  the  photographs  taken 
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shortly  before  operation,  the  splenic  area  being  traced  on  the  patient's 
body  (Figs,  1,  2,  and  3),  and  in  the  photograph  of  the  removed 
spleen  (Fig.  7).  Naturally  the  splenic  area,  as  mapped  out  by 
palpation  and  percussion  while  the  organ  was  still  in  the  patient  and 
full  of  blood,  would  make  the  spleen  appear  larger  than  is  seen 
after  removal.  Fig.  3  shows  the  variations  in  the  apparent  size  of  the 
spleen  as  thus  mapped  out,  as  well  as  the  marked  effect  of  the  severe 
hemorrhage  in  iNIay,  1904. 

The  unusual  number  of  ligatures  that  were  required,  23  in  all, 
prove  how  great  was  the  dilatation  of  the  splenic  veins.  The 
application  of  these  ligatures  produced  no  appreciable  effect  upon 
the  venous  circulation,  as  might  have  been  imagined,  but  all  blood  at 
once  ceased  to  appear  in  the  evacuations,  which  tends  to  prove  that 
the  spleen  is  not  merely  passive  in  this  disease.  The  enlargement 
of  the  liver,  so  frequently  seen,  existed  for  a  short  time  only,  about 
two  weeks  after  the  gastro-enterostomy,  was  accompanied  by  ascites, 
and  then  entirely  subsided,  and  was  absent  at  the  operation  for 
splenectomy. 

Dr.  Warfield  T.  Longcope,  director  of  the  Ayer  Clinical  Labora- 
tory of  the  Pennsylvania  Hospital,  reports  as  follows  concerning  the 
examination  of  the  spleen : 

"The  spleen  is  of  very  great  size.  It  weighs  790  grams  and 
measures  20  x  13  x  7  cm.  It  is  quite  firm  in  consistency  and  has  a 
rubbery  or  leathery  feel.  It  is  quite  irregular,  and  there  are  three 
fairly  deep  notches  on  the  upper  margin.  A  great  many  adhesions 
cover  the  capsule,  and  on  the  superior  surface  two  depressed  white 
thickened  areas  are  seen.  The  largest  measures  5  cm.  and  is  situated 
in  the  posterior  portion.  The  other  measures  4  cm.  in  diameter  and 
is  situated  in  the  inferior  anterior  portion.  The  color  is  rather  a 
pale  red.  On  section  the  cut  surface  is  smooth,  slippery,  and  rather 
dry.  The  pulp  is  firm  and  of  a  homogeneous  light  red  color.  The 
Malpighian  bodies  are  very  small  or  invisible.  Trabeculae  are  very 
white,  prominent,  and  are  much  increased  in  number  and  size. 
The  vessels  at  the  hilum  are  clear. 

"Smears  are  made  from  the  freshly  cut  surface  of  the  spleen  and 
stained  in  Wright's  stain.  ]\Iost  of  the  cells  are  red  blood  corpuscles. 
A  few  normoblasts  are  seen.     The  white  cells  are  principally  small 
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lymphocytes.  Moderate  numbers  of  large  lymphocytes  are  seen 
and  several  much  larger  cells  which  are  apparently  endothelioid  cells. 
Fair  numbers  of  polymorphonuclear  leukocytes  are  met  with. 
Quite  a  large  proportion  have  eosinophilic  granules.  No  phago- 
cytic cells  or  red-blood-corpuscle-carrying  cells.  No  cellular 
inclusions.     No  pigment. 


Fig.  8. — Microscopic  appearances  of  the  spleen. 

"Sections  are  made  through  various  portions  of  the  organ.  They 
all  have  about  the  same  appearance  (Fig.  8).  The  capsule  is  very 
much  thickened  and  is  composed  chiefly  of  hyaline  connective  tissue. 
To  it  are  attached  irregular  projections  of  fat  and  connective  tissue. 
Throughout  the  section  there  is  a  very  extensive  increase  in  connec- 
tive tissue,  both  in  the  trabeculte  and  in  the  pulp.  The  organ 
contains  comparatively  little  blood.  The  walls  of  the  venous  spaces 
are  greatly  thickened  by  a  growth  of  rather  cellular  connective 
tissue.  In  INIallory's  connective  tissue  stain  the  walls  are  seen  to  be 
made  up  of  a  reticulated  fibrous  tissue.     The  venous  spaces  are 
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small.  Besides  red  blood  cells  they  contain  a  few  poljuiorphonuclear 
leukocytes,  many  small  round  cells,  and  an  occasional  large  endothe- 
lioid  cell.  Very  rarely  a  red-blood-corpuscle-carrying  cell  is  seen. 
The  cells  in  the  walls  of  the  sinuses  are  principally  connective  tissue 
cells.  No  uninuclear  or  multinuclear  giant  cells  are  seen.  Very 
few  eosinophils  are  seen  in  sections. 

"The  Malpighian  bodies  are  quite  scarce.  Many  of  them  are 
very  small.  The  reticulum  beneath  the  cells  is  thickened  and  the 
follicle  is  overgrown  with  connective  tissue.  Others  appear  un- 
usually large  and  show  compensatory  hypertrophy.  They  are  quite 
regular.  The  middle  of  the  follicle  is  composed  of  a  large  germinal 
centre  filled  with  large  irregular  pale  cells  of  epithelioid  type.  The 
margin  is  quite  regular  and  is  bordered  by  a  narrow  dense  zone  of 
small  l^Tnphocytes.  Beyond  this  is  a  wider,  paler  zone  of  cells, 
chiefly  small  lymphocytes,  fairly  well  separated  and  mixed  with  a 
few  large  lymphocytes  and  epithelioid  cells.  The  boundary  zone 
is  regular  and  definite.  The  reticulum  is  not  thickened  except  in  a 
few  instances  about  the  outer  border.  No  pigment  is  seen.  There 
are  a  few  small  areas  of  blood  mixed  with  fibrin.  The  connective 
tissue  about  the  vessels  is  much  increased,  but  the  intima  of  the  blood- 
vessels is  delicate.  Taken  as  a  whole,  the  spleen  shows  an  extreme 
grade  of  thickening  of  the  walls  of  the  venous  spaces  with  a  diffuse 
increase  in  rather  cellular  connective  tissue.  INIany  of  the  Malpighian 
bodies  are  atrophied,  though  a  few  are  exceedingly  large  with  active 
proliferating  germinal  centres. 

"Diagnosis:  Chronic  perisplenitis  and  interstitial  splenitis." 


DISCUSSION. 

Dr.  J.  B.  Herrick:  Two  years  ago,  in  examining  a  well-developed  muscular 
young  man,  aged  nineteen  years,  who  was  suffering  from  a  typical  croupous  pneu- 
monia, I  noticed  a  large  scar  over  the  abdomen.  I  asked  what  the  cause  of  it  was, 
and  he  told  me  that  a  surgeon  had  operated  for  some  tumor  of  the  spleen.  The 
patient  was  somewhat  delirious  at  the  time,  but  after  he  had  passed  through  a 
typical  pneumonic  crisis  and  his  mind  had  become  clear,  I  inquired  as  to  details, 
and  was  told  that  when  he  was  a  boy  of  thirteen  he  had  suffered  for  several 
months  with  gastro-intestinal  disturbances,  particularly  with  a  diarrhea  that 
came  on  soon  after  eating,  that  he  lost  considerable  weight,  had  headache, 
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and  that  he  noticed  an  enlargement  of  the  abdomen.  He  consulted  a  surgeon, 
■-  Dr.  A.  J.  Ochsner,  who  kindly  furnished  me  the  details  of  the  case.  In  brief, 
Dr.  Ochsner  confirmed  the  previous  history  of  the  young  man,  and  told  me  that  he 
had,  with  difficulty  on  account  of  perisplenic  adhesions,  removed  a  large  spleen 
measuring  22  by  16  by  8  cm.  The  diagnosis  made,  and  confirmed  by  the  blood 
examination,  was  that  of  primary  splenomegaly.  The  case  simply  adds  one 
more  to  the  list  of  those  who  have  survived  operation  in  splenomegaly  or  splenic 
anemia;  and  it  is  interesting  in  connection  with  the  case  of  Dr.  Lewis  in  that  the 
patient  passed  through  the  operation  successfully,  remained  in  good  health  for 
six  years,  and  survived  a  severe  attack  of  croupous  pneumonia,  during  which 
his  blood  showed  the  characteristic  polymorphonuclear  leukocytosis. 

Dr.  a.  D.  Blackader:  I  wish  to  relate  a  case,  that  of  a  young  man,  a 
relative  of  mine,  who  received  a  severe  blow  just  under  the  left  ribs.  The  blow 
knocked  him  unconscious,  and  in  a  few  weeks  a  splenic  tumor  developed.  This 
gradually  enlarged.  The  general  condition  remained  fairly  good,  except  for 
the  very  great  pressure  made  upon  the  veins.  The  veins  of  his  leg  and  the 
spermatic  veins  were  very  greatly  dilated.  He  could  not  eat  large  meals, 
because  he  complained  that  the  enlargement  of  the  spleen  interfered  with  his 
eating  much  food.  I  sent  him  down  to  Dr.  Stengel,  and  I  also  had  a  friendly 
conversation  about  the  case  with  Dr.  James.  The  case  became  gradually  worse, 
and  the  size  of  the  spleen  became  so  great  as  to  inconvenience  him  very  greatly. 
The  blood  examinations  showed  very  little  de^'iation  from  the  normal,  only  a 
slight  increase  in  the  number  of  leukocytes.  The  case  went  on  to  operation. 
A  peculiarity  of  the  case  at  operation  was  the  intense  adhesions,  not  to  the  dia- 
phragm as  usually  occurs,  but  to  the  transverse  colon,  which  was  attached  to 
the  hilum  of  the  spleen.  The  operation  was  a  very  dangerous  one,  but  he  made 
an  uninterrupted  recovery.  As  I  stated,  several  examinations  of  the  blood 
before  operation  showed  only  slight  alterations  from  the  normal — though  just 
exactly  what  I  cannot  say.  The  young  man  is  now  in  perfect  health,  at  the  head 
of  a  large  business,  and  so  far  as  I  can  see  seems  to  be  about  as  well  as  ever. 
The  case  was  interesting  to  me. 


ACTION  OF  PURGATIN  ON  THE  KIDNEYS. 


By  FRANZ  PFAFF,  M.D., 

BOSTON. 

(Laboratory  of  Pliarmacology,  Harvard  Medical  School.) 


Since  Tschirch/  ten  years  ago,  published  the  resiiUs  of  his  chem- 
ical researches,  demonstrating  that  oxymethylanthraquinone  was 
one  of  the  main  constituents  of  organic  purgatives,  chemists  have 
tried  to  prepare  synthetically  such  drugs. 

Vieth,-  who  made  quite  an  extensive  and  methodical  study  of 
such  compounds,  concluded  from  his  chemical  analyses  that  anthra- 
purpurindiacetat,  or  purgatol,  as  it  was  at  first  called,  and  now  known 
as  "purgatin,"  was  probably  the  best  synthetically  prepared  organic 
purgative.  He  interested  different  clinicians  like  Ewald,^  Stadel- 
mann,*  Hoesslin,^  Ebstein,"  and  others  to  give  this  new  drug  a  clinical 
trial. 

The  reports  published  by  these  diflferent  observers  were  in  the 
main  very  favorable  to  purgatin.  It  was  said  that,  as  a  rule,  it 
acted  promptly,  although  sometimes  its  action  was  delayed,  and 
it  did  not  cause  any  griping.  Further,  it  was  expressly  stated,  that 
purgatin  did  not  cause  any  irritation  of  the  kidneys,  even  though 
the  drug  was  excreted  in  the  urine  and  turned  the  latter  a  deep  reddish 
color.  This  discoloration  of  the  urine  was  generally  considered  a 
drawback  to  the  use  of  purgatin,  as  it  often  made  the  patients 
nervous;  they  could  not  account  for  the  strange  color  of  their  urine, 

1  Die  Oxymethylantrachinone  und  ihre  Bedeutung  fuer  einige  organische  Abfuehmiittel. 
Berichte  der  Deutschen  pharmaceutischen  Gesellschaft ,  1898. 

2  Ueber  ein  synthetisch  gewonnenes  Abfuehmiittel.     Miinch.  med.  Woch.,  1901,  p.  1381. 
^  Des  PurRatol,  ein  neues  Abfuehrmittel.     Therapie  Gegenwart,  1901,  p.  200. 

*  Das  Anthrapurpurin  diacetat  ein  neues  Abfuehrmittel.  Deut.  Aerzte-Zeitung,  1901, 
p.   223. 

*  Ueber  ein  neus  Abfuehrmittel,  Purgatin.     Miinch.  med.  Woch.,  1902,  p.  32. 

^  Ueber  das  Emodin  und  das  Purgatin  als  Abfuehrmittel.     Therapie  der  Gegenwart,  1902. 
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and  attributed  it  to  some  trouble  with  themselves.  To  overcome 
this  objectionable  feature  physicians  recommending  the  drug  to 
their  patients  were  advised  to  tell  them  beforehand  of  its  effect 
on  the  urine.  C.  R.  ^Marshall/  a  Scotch  physician,  made  a  few 
experiments  on  himself  with  purgatin,  and  he  agrees  more  or  less 
with  the  clinical  results  obtained  by  Ew^ald,  Stadelmann,  and  others. 
He  came  to  the  conclusion,  however,  that  in  large  doses  purgatin 
undoubtedly  causes  irritation  of  the  kidneys,  and  should  not  be  given 
where  renal  trouble  exists.  He  arrived  at  this  conclusion  from  the 
fact  that  after  taking  a  rather  large  dose  of  purgatin  in  his  third 
experiment,  he  awoke  at  night  with  pain  in  the  loins,  and  passed 
a  large  amount  of  urine,  which,  however,  contained  no  albumin. 
He  does  not  seem  to  have  made  any  microscopic  examination  of 
the  urine.  Frank,^  who  studied  the  effects  of  purgatin  on  parturient 
women,  observed  in  one  patient  who  had  previously  passed  normal 
urine,  after  the  ingestion  of  2  grams  of  purgatin,  1  per  cent,  albumin, 
and  casts.  In  two  other  patients  whose  urine  contained  albumin, 
the  quantity  of  albumin  became  increased  after  the  drug  was  given. 
He  warns  against  the  use  of  purgatin  in  parturient  w'omen  and  in 
patients  suffering  from  renal  disease. 

In  a  series  of  experiments  in  which  were  studied  the  effects  of 
purgatives  upon  the  peristalsis  of  the  intestinal  tract  we^  observed 
that  purgatin  caused  in  the  rabbits  experimented  upon  quite  an 
acute  inflammation  of  the  kidney,  shown  by  an  examination  of 
the  urine  a  few  hours  after  the  drug  had  been  given. 

This  observation  led  to  a  more  extended  study  of  the  effect  of 
purgatin  upon  the  kidneys  of  animals;  and  rabbits,  guinea-pigs, 
cats,  and  dogs  were  used.  The  dogs  and  rabbits  were  given  a  daily 
dose  of  2  grams  of  purgatin  suspended  in  water  and  introduced  into 
the  stomach  by  means  of  a  stomach  tube. 

The  cats  received  the  same  amount  of  the  drug  thoroughly  mixed 
with  the  chopped  meat  fed  them.  Guinea-pigs  received  small  doses 
in  the  form  of  pills  placed  on  the  back  of  the  tongue.  As  a  rule,  the 
drug  did  not  cause  any  diarrhea  in  the  animals  experimented  upon. 

'  Some  Remarks  on  the  Action  of  Purgatin.     The  Scot.  Med.  and  Surg.  Jour.,  1902,  p.  402. 
2  Centralbl.  f.  die  ges.  Therap.,  1904. 

'  F.  Pfaff  and  L.  Nelson:  Effects  of  Aperients  on  the  Peristalsis  of  the  Stomach  and 
Intestines.     Jour,   of  Amer.  Med.  Assoc,  1906. 
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Dogs  and  cats  are  apparently  not  affected  by  purgatin.  Rabbits 
and  guinea-pigs,  however,  showed,  after  the  (h'ug  had  been  given  a 
few  weeks,  lack  of  appetite  and  considerable  loss  of  weight,  even 
though  there  was  no  diarrhea  present.  All  the  visible  mucous  mem- 
branes, the  conjunctivae,  etc.,  showed  a  dirty,  brownish  yellow 
discoloration,  and  after  autopsy  the  intestines  showed  the  same 
discoloration.  The  animals  experimented  upon  gradually  became 
weaker  and  weaker,  and  later  could  not  stand  up;  and  soon  died, 
apparently  from  utter  exhaustion.  A  complete  chemical  and 
microscopic  examination  of  the  urine  was  made  daily.  In  most 
cases  is  showed  at  first  a  slight  trace  of  albumin,  which,  as  a  rule, 
gradually  increased  in  amount  as  time  went  on,  and  a  varying 
number  and  variety  of  casts.  On  the  other  hand,  in  some  of  the 
experiments,  even  though  the  animal  showed  the  deleterious  in- 
fluence of  purgatin,  and  ultimately  died  with  the  same  symptoms  as 
the  others,  the  urine  showed  little  or  nothing  of  a  pathological  nature. 
In  the  instances  where  the  urine  analyzed  gave  negative  results, 
the  microscopic  examination  of  the  renal  tissue  after  autopsy 
revealed  the  presence  of  acute  Bright's  disease.  Prof.  F.  B.  Mallory, 
of  the  Harvard  Medical  School,  kindly  examined  the  kidneys  of  the 
animals  treated  with  purgatin,  and  I  am  very  much  indebted  to 
him  for  the  following  report: 

"In  the  kidneys  of  the  rabbits  treated  with  purgatin  acute 
nephritis,  with  necrosis  and  desquamation  of  the  epithelial  cells, 
lining  the  convoluted  tubules  of  the  cortex,  developed  in  9  out  of 
the  10  cases  examined.  The  lesions  were  marked  in  6,  moderate  in 
1,  and  slight  in  2.  In  most  of  the  cases  regeneration  of  the  epi- 
thelial cells  was  prominent  and  mitoses  numerous.  In  the  slight 
cases  the  lesion  was  always  best  marked  just  beneath  the  capsule. 
In  the  more  acute  cases  the  convoluted  tubules  contained  numerous 
desquamated  necrotic,  epithelial  cells,  while  the  collecting  tubules 
of  the  cortex  and  of  about  half  the  pyramid  adjoining  the  cortex 
were  filled  with  hyaline  and  granular  casts,  and  occasionally  epi- 
thelial casts.  The  tubules  at  the  apex  of  the  pyramid  where  they 
empty  into  the  pelvis  of  the  kidney  were  empty.  In  the  later  cases 
the  regenerative  changes  in  the  epithelium  formed  the  most  marked 
feature.     The   newlv  formed   cells  were  flattened  like  endothelial 
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cells,  and  their  cytoplasm  was  undifferentiated  and  tended  to  take 
a  basophilic  stain.  Of  the  two  guinea-pigs  examined,  one  showed 
slight  but  typical  nephritis  of  the  type  found  in  the  rabbits.  The 
other  was  negative.  The  kidneys  of  the  three  dogs  treated  with 
purgatin  were  negative,  except  for  slight  chronic  lesions  in  two 
cases;  these  lesions  probably  are  not  due  to  purgatin." 

A  cat  has  been  given  purgatin  daily  for  about  a  month  now,  but 
up  to  date  manifests  nothing  out  of  the  ordinary.  The  urine  col- 
lected from  the  animals  was  evaporated  and  a  series  of  chemical 
analyses  made  with  an  attempt  to  isolate  the  decomposition  products 
of  purgatin.  It  is  stated  that  purgatin  becomes  decomposed  by 
the  ferments  of  the  intestine,  and  excreted  in  the  urine  as  anthra- 
purpurin.  One  amorphous  and  two  different  crystalline  substances 
were  obtained,  but  none  of  the  isolated  substances  is  anthrapurpurin. 
The  chemical  analysis  is  not  finished  at  present,  but  results  will 
be  published  later.  From  the  experiments  described,  we  must 
deduce  the  fact  that  purgatin  does  cause  in  certain  animals  acute 
nephritis  and  death.  From  the  observations  of  Frank  on  his  patients, 
he  also  found  that  purgatin  may  cause  renal  irritation  in  human 
beings,  and  as  purgatin  has  no  better  action  as  a  purgative  than 
many  other  well-known  and  harmless  aperients,  from  my  point 
of  view  it  will  be  wise  to  discontinue  its  use. 


BLOOD   PRESSURE   LOWERING   REFLEXES   FROM 
IRRIGATION  OF  THE  CHEST  IN  EMPYEMA. 

By  JOSEPH  A.  CAPPS,  M.D.,  axd  DEAN  D.  LEWIS,'  M.D., 

CHICAGO. 

(From  the  Laboratory  of  Experimental  Therapeutics,  University  of  Chicago.) 


At  the  last  meeting  of  the  Association  some  experimental  work 
was  presented  by  us,  in  which  it  was  showTi  that  irritation  of  the 
pleura  by  mechanical  or  chemical  means  would  sometimes  give  rise 
to  a  reflex  fall  in  blood  pressure.  It  was  sho^Ti  also  that  this  de- 
pressor reflex  occurred  more  frequently  when  the  irritant  was  applied 
to  the  inflamed  pleura  than  to  the  normal  pleura. 

These  results  suggested  the  possibility  of  danger  in  the  treatment 
of  empyema  by  irrigation  with  antiseptic  solutions.  In  order  to 
determine  how  great  this  element  of  danger  is,  the  following  irriga- 
tion experiments  were  carried  out  on  healthy  dogs  and  on  dogs  with 
artificial  empyema : 

To  produce  empyema  a  few  ounces  of  contaminated  cotton-seed 
oil  are  injected  into  the  pleural  cavity  of  a  dog.  After  forty  to 
fifty  hours  the  animal  is  languid  and  feverish.  Examination  of  the 
thorax  shows  on  the  side  injected  an  abundant  seropurulent  exudate, 
and,  as  a  rule,  a  rich  deposit  of  fibrin  over  the  visceral  and  parietal 
pleurae.  These  conditions  are  thus  seen  to  be  quite  similar  to  those 
found  in  the  early  stage  of  empyema  in  man.  In  the  other  pleural 
cavity  is  usually  seen  a  thin  fibrinous  exudate,  with  little  or  no  free 
fluid. 

In  the  following  experiments  from  .50  to  100  c.c.  of  the  free  fluid 
exudate  was  siphoned  off;  then  50  c.c.  or  less  of  the  test  fluid  was 
injected.  In  this  way  any  disturbance  of  blood  pressure  from  press- 
ure of  fluid  on  the  lung  was  excluded.  Furthermore,  the  irrigating 
fluid  was  withdrawn  at  once  to  prevent  undue  absorption. 

*  Not  a  member. 
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1.  Irrigation  with  Hot  Water.  Of  four  normal  dogs  in  which 
hot  water  was  used  for  irrigation  of  the  pleural  cavity,  one  showed  a 
rise  in  blood  pressure  of  20  mm.  Hg. ;  the  other  three  no  change. 
Of  six  empyema  dogs  similarly  treated,  three  exhibited  a  moderate 
rise  in  pressure  and  three  no  noteworthy  change.  The  tendency  of 
hot  water,  therefore,  is  to  elevate  blood  pressure  to  a  very  moderate 
degree. 

2.  Irrigation  with  Cold  Water..  In  one  of  three  normal 
dogs  washed  out  with  cold  water  there  was  a  fall  in  blood  pressure 
of  30  mm.  Hg.  In  the  other  two  very  little  fluctuation  occurred. 
In  two  of  the  five  empyema  dogs,  irrigated  in  the  same  way,  a  slight 
fall  in  pressure  took  place,  while  in  three  no  effect  was  apparent. 
A  rise  in  blood  pressure  after  using  cold  water  was  not  obtained. 
Hence  the  tendency  of  cold  water  is  to  slightly  depress  blood  pressure. 

3.  Irrigation  with  Formaliiv?  and  Glycerin.  The  solution 
employed  was  formalin  2  per  cent,  in  glycerin.  Two  of  eleven 
normal  animals  treated  with  the  above  solution  gave  a  considerable 
fall  in  blood  pressure,  one  a  moderate  rise,  and  eight  no  appreciable 
change.  Of  thirteen  empyema  animals  irrigated  in  like  manner,  > 
six  showed  a  marked  fall  in  pressure  varying  from  10  to  100  mm. 
Hg.  and  the  others  little  or  no  variation. 

A  considerable  fall  in  blood  pressure  took  place  in  18  per  cent, 
of  the  normal  dogs,  in  contrast  to  40  per  cent,  of  the  empyema  dogs. 
Moreover,  the  average  fall  was  much  greater  in  the  empyema  dogs 
than  in  the  normals. 

4.  Irrigation  with  Iodine  Solution.  The  fluid  was  Lugol's 
solution,  so  diluted  as  to  contain  1  per  cent,  of  iodine.  In  one  of 
six  normal  dogs  washed  out  with  this  solution  a  moderate  fall  in 
blood  pressure  followed;  in  five  dogs  the  efi"ect  was  nil.  In  two  of 
eleven  empyema  dogs  thus  treated  a  marked  but  transitory  fall 
occurred;  in  nine  no  change  was  apparent.  The  iodine  solution  only 
exceptionally  produced  any  depressing  efi"ect  upon  the  blood  press- 
ure and  never  endangered  the  animal's  life. 

5.  Irrigation  with  Hydrogen  Peroxide.  Especial  care  was 
taken  in  this  series  to  aspirate  fluid  and  gas  immediately  after  the 
H.Oj  was  introduced,  in  order  to  avoid  compression  of  the  lungs. 

Irrigation  in  two  of  the  nine  normal  dogs  was  followed  by  a  moder- 
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ate  fall  in  blood  pressure,  no  especial  variation  being  recorded  in 
the  remaining  seven.  Similar  treatment  in  sixteen  empyema  dogs 
was  followed  in  eleven  by  decided  falls  in  blood  pressure  varying 
from  25  to  150  mm.  Hg.  In  several  instances  the  pressure  fell  to 
zero.     In  one  case  a  fatal  fall  was  preceded  by  a  rise  of  40  mm.  Hg. 

The  depressor  reflex  was  elicited  in  70  per  cent,  of  the  empyema 
dogs  as  compared  with  22  per  cent,  of  the  normal  dogs.  Further- 
more, the  reflex  was  more  severe  and  dangerous  in  the  empyema 
group. 

In  dogs  that  had  been  previously  washed  out  with  hot  water  the 
blood  pressure  was  less  likely  to  fall.  This  may  be  explained  by  the 
fact  that  in  the  presence  of  pus  the  H2O2  induces  a  more  rapid 
release  of  oxygen  gas,  and  is  consequently  more  irritating. 

Respiratory  Changes.  Associated  with  the  depressor  reflexes 
of  blood  pressure  in  the  preceding  experiments  there  was  a  tendency 
on  the  part  of  the  respiration  to  become  slower  and  more  shallow. 
The  change  in  breathing,  as  a  rule,  was  simultaneous  with  that  in 
the  blood  pressure,  which  suggests  that  the  disturbance  of  both 
functions  was  due  to  the  same  cause  and  not  one  a  result  of  the 
other. 

Causes  of  Fall  in  Blood  Pressure.  There  are  three  possible 
explanations  for  the  fall  in  blood  pressure  incident  to  these  pleural 
irrigations,  viz.,  absorption  of  substances  that  have  a  depressor 
action,  compression  of  the  lung,  and  direct  irritation  of  nerve  endings. 

1 .  Absorption  of  fluid  by  the  blood  with  resultant  action  on  blood 
pressure  cannot  explain  the  phenomena  for  these  reasons: 

(a)  The  fall  often  follows  the  introduction  of  fluid  in  a  few  seconds 
— an  interval  that  is  too  short  for  any  appreciable  absorption  to 
take  place. 

(6)  As  the  antiseptic  solutions  were  drawTi  off  as  soon  as  injected, 
the  small  amount  of  remaining  fluid,  even  if  absorbed,  would  not  be 
sufficient  to  cause  any  appreciable  change  in  blood  pressure. 

(c)  All  these  solutions  in  similar  quantities,  when  injected  in  the 
peritoneal  cavity,  caused  practically  no  change  in  blood  pressure. 

2.  Compression  of  the  lung  and  restriction  of  the  respiratory 
capacity  can  also  be  eliminated  as  a  cause  of  the  fall  in  blood  pressure, 
because  not  more  than  50  c.c.  of  the  fluid  was  introduced  at  one  time 
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and  most  of  this  was  removed  immediately.  In  previous  experi- 
ments we  fomid  that  100  c.c.  of  a  non-irritating  fluid,  such  as  oil, 
could  be  injected  into  the  pleural  cavity  without  influencing  materi- 
ally the  blood  pressure.  As  stated  before,  special  precautions  are 
necessary  to  allow  the  escape  of  gas  when  using  the  HjOj  for 
irrigation;  otherwise  the  compression  of  the  lung  might  have  a 
considerable  influence  on  blood  pressure. 

3.  Irritation  of  the  nerve  endings  in  the  tissues  lining  the  pleural 
cavity  is  the  only  reasonable  explanation  of  the  blood-pressure  dis- 
turbance. In  previous  experiments  with  empyema  dogs,  we  have 
been  able  in  a  certain  proportion  of  cases  to  elicit  depressor  reflexes 
by  applying  a  few  drops  of  strong  formalin  or  mustard  oil  to  the 
inflamed  pleura.  The  rapid  onset  of  the  fall  in  blood  pressure,  the 
frequency  of  transitory  falls  with  complete  recovery,  and  the 
accompanying  shallowmess  of  respiration  are  characteristic  of  such 
a  reflex. 

Origin  and  Course  of  Reflexes.  Nerve  endings  in  the 
visceral  and  parietal  pleura  and  perhaps  sympathetic  nerve  fibres 
in  the  immediate  vicinity  carry  afferent  impulses  to  the  vaso- 
motor and  respiratory  centres  in  the  medulla.  Thence  efferent 
impulses  may  be  reflected  to  the  heart,  the  lungs,  and  the  systemic 
bloodvessels.  A  priori  we  would  expect  such  afferent  impulses 
to  cause  either  a  pressor  (excitor)  or  a  depressor  effect  on  the  circu- 
lation. In  our  experiments  we  did  obtain  in  some  instances  a  pressor 
effect  from  hot  water,  but  not  often  from  the  antiseptic  solutions. 
From  the  latter  the  disturbance  was  almost  always  of  a  depressor 
kind.  Whenever  the  depressor  reflex  was  marked,  a  slow  and 
shallow  respiration  developed,  indicating  a  combined  influence 
on  blood  pressure  and  respiratory  centres. 

The  reflex  was  usually  of  the  vasomotor  type  and  not  prevented 
or  materially  modified  by  atropine.  Adrenalin  intravenously  and 
artificial  respiration  were  the  most  efficient  means  of  restoring  blood 
pressure. 

Section  of  the  cervical  vagosympathetic  nerves  in  some  animals 
prevented  the  reflex  and  at  times  brought  about  recovery  after  the 
blood  pressure  had  fallen.  In  other  animals  section  of  these  nerves 
had  little  or  no  influence. 
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The  inference  to  be  drawn  from  these  facts  is  that  afferent  im- 
pulses travel  to  and  efferent  impulses  from  the  medulla  through  the 
vagosympathetic  nerves;  when,  however,  these  nerves  are  divided 
in  the  neck,  there  is  evidence  that  impulses  may  be  conducted  in  both 
directions  through  the  spinal  cord. 

Clinical  Bearing  of  Experiments.  That  collapse  and  even 
death  have  occurred  in  empyema  during  irrigation  of  the  pleural 
cavity  with  antiseptics  is  abundantly  proved  by  the  literature  and 
by  unpublished  experience  of  physicians  and  surgeons,  but  the  cause 
of  these  accidents  has  not  been  understood. 

Such  afcidents,  however,  are  infrequent  compared  with  their 
frequency  in  our  experiments.  This  great  difference  between  ex- 
perimental and  clinical  results  is  probably  due  to  the  different  degree 
to  which  the  pleura  is  exposed  to  irritation.  In  the  recently  produced 
empyema  of  dogs  the  fibrinous  exudate  is  not  sufficiently  thick  and 
uniform  to  cover  and  protect  the  pleura,  whereas  in  older  empyemas 
of  man  the  fibrinous  exudate  is  usually  dense  enough  to  protect  the 
pleura  from  irritation.  It  is  reasonable  to  suppose  that  in  those 
instances  where  collapse  occurs  in  man  the  protective  exudate  may 
be  too  thin,  or  that  certain  areas  of  the  pleura  may  have  been  exposed 
by  removal  of  fibrin. 

Summary.  1.  Irrigation  of  the  pleural  cavity  with  various  solu- 
tions may  induce  either  a  pressor  (excitor)  or  depressor  influence  on 
the  arterial  circulation.  Of  the  two  influences,  the  depressor  action 
is  the  more  frequent  and  of  greater  clinical  importance. 

2.  Comparing  the  effect  on  blood  pressure  of  healthy  dogs  with 
that  of  empyema  dogs,  when  a  given  solution  is  used  for  irrigation, 
we  conclude  that  the  tendency  to  reflex  disturbance  is  the  same  in 
kind,  but  that  the  frequency  of  the  reflexes  and  their  severity  is 
more  marked  in  the  empyema  dogs  than  in  the  healthy  animals. 

3.  (a)  Hot  water  irrigation  has  a  tendency  to  slightly  elevate 
blood  pressure. 

(b)  Cold  water  tends  to  lower  blood  pressure  to  a  slight  degree. 

(c)  Lugol's  solution  occasionally  produces  a  marked  fall  in  blood 
pressure,  but  the  effect  is  transitory. 

(d)  Formalin  (2  per  cent.)  in  glycerin  often  sets  up  a  depressoi" 
reflex  and  this  is  sometimes  dangerous  to  life. 
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(e)  Hydrogen  peroxide  is  seldom  a  menace  to  normal  dogs,  but 
is  frequently  so  to  those  with  empyema.  Death  may  ensue  even 
when  the  gas  is  allowed  to  escape. 

4.  The  comparative  rarity  of  depressor  reflexes  during  irrigation 
of  empyemas  in  man,  as  compared  with  those  occurring  in  animal 
experiments,  is  probably  due  to  the  fact  that  in  the  old  empyemas 
of  man  the  pleura  is  usually  protected  by  a  thicker  fibrinous  exudate. 
This  protection,  however,  cannot  be  relied  upon,  and  therefore 
the  practice  of  irrigating  the  pleural  cavity  with  antiseptic  solutions 
is  not  free  from  danger. 

5.  Adrenalin  intravenously  helps  to  restore  blood  pressure,  but 
its  action  is  not  lasting.  Artificial  respiration  by  intermittent 
positive  pressure  is  the  most  reliable  means  not  only  of  restoring 
and  maintaining  blood  pressure,  but  exerts  a  powerful  preventive 
influence  upon  the  depressor  nerves.  As  long  as  air  is  regularly 
and  mtermittently  forced  into  the  lungs  under  moderate  pressure, 
depressor  reflexes  are  not  easily  elicited  by  irritation  of  the  pleural 
nerve  endings. 


DISCUSSION. 

Dr.  F.  C.  Sbl\ttuck:  If  Dr.  Capps  pursues  further  his  interesting  experi- 
ments, perhaps  he  will  determine  the  influence  on  the  blood  pressure  of  a  solution 
of  chlorinated  soda,  which  has  been  used  for  many  years  by  A.  T.  Cabot  as  an 

irrigant  after  operation  in  empyema  cases,  and  with  admirable  cHnical  results. 

Dr.  J.  S.  Meltzer:  The  data  as  presented  on  the  chart  contain  an  unusual 
feature,  namely,  that  the  effect  is  always  in  the  direction  of  lowering  the  blood 
pressure.  Stimulation  of  sensory  sm-faces,  with  exception,  perhaps,  of  the  skin 
over  the  testicles,  produces  mixed  effects,  ■nith  a  predominance  of  vasoconstric- 
tion. Here  we  see  that  stimulation  of  the  entire  pleural  surface  produces 
only  lowering  of  the  blood  pressure  I  Could  it  be  that  the  fluid  reaches  the 
arcus  aorta,  where  the  depressor  nerves  originate,  and  that  the  fall  in  the  blood 
pressure  may  be  due  to  stimulation  of  these  nerves  and  not  of  that  of  the  pleural 
surface  ? 

Dr.  J.  A.  Capps:  In  reference  to  Dr.  Meltzer's  very  appropriate  question, 
I  will  say  that  the  limitation  of  time  prevented  a  detailed  account  of  our  observa- 
tions.    The  tal)le  presented  is  an  attempt  to  point  out  briefly  and  graphically 
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the  clinically  important  results  of  our  experiments.  What  seemed  to  us  of 
greatest  clinical  importance  is  the  fall  in  blood  pressure^the  element  of  danger 
in  the  process  of  irrigation.  A  moderate  rise  in  blood  pressure  occurred  many 
times.  In  the  series  in  which  hot  water  was  employed  a  rise  in  pressure  of  5 
to  15  mm.  Hg.  was  conunon.  In  the  series  where  antiseptic  solutions  were 
used  a  rise  was  seen  less  often.  From  a  theoretical  point  of  \'iew  a  rise  in  press- 
ure might  be  considered  as  ecjually  important  with  a  fall,  but  from  the  clinical 
standpoint  the  fall  only  is  significant. 


RAYNAUD'S  DISEASE,  ERYTHROMELALGIA,  AND  THE 

ALLIED  CONDITIONS  IN  THEIR  RELATION  TO 

VASCULAR  DISEASE  OF  THE  EXTREMITIES/ 


By  B.  SACHS,  M.D., 

NEW    YORK. 


At  a  meeting  of  this  Association  in  1901  I  called  attention  to 
the  intimate  relation  existing  between  certain  vasomotor  and  tropho- 
neuroses and  vascular  disease  of  the  extremities.  At  that  time  it 
seemed  to  me  to  be  important  to  show  that  Raynaud's  disease  and 
erythromelalgia  were  not  independent  morbid  entities,  but  symptom 
groups  pure  and  simple,  that  might  in  rare  instances  be  associated 
with  central  nervous  disease,  but  were  far  more  often  the  expres- 
sion of  disease  of  the  peripheral  bloodvessels.  It  was  conceded  then, 
as  it  is  conceded  now,  that  these  vasomotor  and  trophic  affections 
may  be  due  to  some  occult  (say  trophic)  influence,  l)ut  in  the  end  it 
was  the  interference  with  the  peripheral  blood  supply  that  was  the 
direct  cause  of  the  clinical  symptoms.  The  majority  of  writers 
had  recognized  that  Raynaud's  disease  might  be  associated  with 
central  nervous  disease,  but  was  more  often  dependent  upon  disorder 
of  tlie  bloodvessels.  One  of  the  ablest  of  recent  authors  on  this  sub- 
ject, H.  Strauss,  writing  in  1905,  proposes  to  substitute  for  the 
term  Raynaud's  disease  the  designation  angeospastic  gangrene. 
According  to  this  author,  the  gangrene  is  rarely  symmetrical,  and 
is  the  result  of  malnutrition  due  to  ischemia  or  spastic  cyanosis. 
Raynaud's  disease,  far  from  being  a  trophoneurosis,  is,  according 
to  Strauss,  a  pure  angeoneurosis  occurring  either  as  an  independent 
form  of  disease  or  in  association  with  some  central  nervous  affection. 
In  this  view  we  heartily  conciu'. 

1  Read  in  connection  with  the  following  paper  by  Dr.  L.  Buerger,  at  the  meeting  of 
the  Association  of  American  Physicians  held  in  Washington,  May  12,  1908. 


196      SACHS:  Raynaud's  disease  and  erythromelalgia 

In  the  interpretation  of  erythromelalgia  there  has  been  a  great 
diversity  of  opinion.  EfTorts  had  been  made  to  attribute  it  to  changes 
in  the  posterior  gray  matter  of  the  spinal  cord  (Eulenburg,  Auer- 
bach,  Cassirer,  and  others),  as  though  the  dignity  of  the  disease 
demanded  such  an  explanation.  We  do  not  deny  that  such  may  be 
the  case,  but  a  large  experience  has  taught  us  that  the  cases  asso- 
ciated with  spinal  symptoms  of  any  sort  are  few  and  far  between. 
By  degrees  the  views  advanced  chiefly  by  American  writers  (Weir 
INIitchell,  Sachs  and  Wiener,  Hamilton,  Barker,  and  others)  have 
obtained  general  credence.  The  spinal  origin  of  erythromelalgia 
is  now  defended  less  warmly,  and  the  question  to  be  decided  is 
whether  or  not  these  various  forms  of  vasomotor  and  trophic  dis- 
turbances, including  the  acrocyanoses  chronica  (Barker),  with  and 
without  gangrene,  are  invariably  of  purely  vasomotor  origin,  and 
whether,  even  when  associated  with  symptoms  of  an  undoubted 
spinal  character  (tabes,  etc.),  they  are  not  due  to  the  accompanying 
peripheral  vascular  disturbance  rather  than  to  spinal  disease. 

The  continued  study  of  this  subject  has  been  fairly  thrust  upon 
me  by  the  unusual  large  number  of  cases  of  this  description  that  I 
have  seen  in  the  surgical  and  in  the  neurological  services  of  Mount 
Sinai  Hospital,  while  some  of  the  most  interesting  forms  have  been 
observed  in  private  practice  among  patients  of  all  creeds  and  classes. 
So  far  as  the  hospital  cases  are  concerned,  it  is  probable  that  mal- 
nutrition, premature  arteriosclerosis,  and  the  peculiar  occupations 
(tailoring,  sewing-machine  work- — all  of  them  involving,  as  can 
readily  be  understood,  a  retardation  of  the  venous  circulation)  are 
responsible  for  the  frequent  occurrence  of  these  special  disorders. 
My  dermatological  friend.  Dr.  Lustgarten,  is  firmly  convinced  that 
a  large  majority  of  these  cases  are  due  to  s\'philitic  disease.  While 
it  may  be  true  that  a  very  large  number  of  the  hospital  patients 
whom  we  have  seen  have  had  constitutional  s^-philis,  I  must  state 
most  emphatically  that  in  such  cases  as  I  have  observed,  and  in 
which  I  have  made  thorough  examination  to  prove  or  disprove  the 
presence  of  constitutional  sj'philis,  I  have  in  rare  instances  only 
been  able  to  satisfy  myself  on  this  point.  ]\Ioreover,  according  to 
Dr.  Lustgarten's  impressions,  I  have  given  deep  sublimate  injections 
in  many  of  the  cases  without  satisfactory  results,  although  Dr. 
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Lustgarten  reports  verbally  to  me  that  he  has  seen  a  number  of  the 
cases  get  well  after  antisyphilitic  treatment.  ]Many  of  these  dis- 
orders are  subject  to  spontaneous  improvement,  and  the  majority 
of  the  incipient  cases  do  fairly  well  on  rest  alone,  and  I  am  under 
the  strong  impression  that  rest  in  bed,  the  application  of  heat,  by 
favoring  the  return  of  circulation  of  the  l)lood,  does  more  to  improve 
the  clinical  conditions  than  any  severe  or  thorough  antis^'philitic 
treatment  could  accomplish. 

Ample  opportunity  has  been  afforded  us  not  only  for  the  clinical 
study  of  all  these  conditions,  but  for  an  exhaustive  analysis  of  the 
underlying  morbid  states.  These  studies  in  pathology  have  been 
carried  on  by  Dr.  Buerger.  He  will  not  need  me  to  stand  sponsor 
for  his  conclusions,  interesting  as  they  must  prove  to  be  to  those 
concerned  with  the  clinical  aspects  of  various  acroneuroses.  The 
important  point  is  that  the  studies  have  revealed  in  these  disorders 
a  striking  interference  with  peripheral  blood  supply,  thus  fully 
corroborating  and  amplifying  the  findings  of  Wiener  and  myself 
in  these  diseases,  as  published  seven  years  ago.  So  far  as  we  have 
been  able  to  determine  up  to  the  present  time,  the  anatomical  changes 
are  very  much  the  same  in  the  various  clinical  groups.  Whether 
or  not  special  anatomical  conditions  may  at  some  day  be  assigned 
as  a  basis  for  special  clinical  types  will  have  to  be  left  to  future 
consideration.  According  to  Dr.  Buerger's  studies,  the  changes 
are  the  same  whether  the  cases  be  designated  clinically  as  erythro- 
melalgia,  Raynaud's  disease,  or  acrocyanosis. 

If  we  were  to  adhere  rigidly  to  the  descriptions  of  the  disease  as 
originally  presented  by  Raynaud,  or  with  the  description  of  erv- 
thromelalgia  as  given  by  Weir  Mitchell,  we  should  no  doubt  be 
compelled  to  exclude  some  of  the  cases  herein  referred  to.  AYhile 
it  is  not  wise  to  depart  too  widely  from  the  type  as  designated  by 
its  discoverer,  we  must  make  allowance  for  variations  that  occur 
from  a  t\'pe  and  for  the  broadening  studies  of  later  years.  Thus, 
as  Strauss  mentions,  if  we  insisted  on  a  symmetrical  distribution  of 
gangrene  in  Raynaud's  disease,  we  should  often  be  compelled  to 
make  a  different  diagnosis  in  cases  in  which  all  other  symptoms 
point  to  the  existence  of  this  affection,  and  just  so,  as  I  pointed  out 
some  years  ago,  it  A\'ill  not  do  to  eliminate  from  the  category  of 
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ervthromelalgia  all  cases  in  which  wet  or  dry  gangrene  occurs  at 
some  stage  of  the  disease,  although  Weir  Mitchell  insisted  that  this 
absence  of  gangrene  was  one  of  the  points  of  differential  diagnosis 
l)et\veen  erythromelalgia  and  Raynaud's  disease.  I  am  confident 
that  Dr.  Mitchell  himself  will  yield  this  point,  for  we  and  others 
have  seen  too  many  cases  of  undoubted  erythromelalgia  in  which 
gangrene  was  developed. 

The  special  value  of  tjiese  clinical  studies  has  been  not  merely  in 
calling  attention  to  the  various  forms  of  vasomotor  and  tropho- 
neuroses occurring  in  the  upper  and  lower  extremities,  but  the  study 
of  them  has  helped  to  rivet  attention  upon  the  disorders  resulting 
from  deficient  blood  supply  of  the  extremities,  and,  among  other 
things,  the  examination  of  the  pulsation  of  the  dorsal  artery  of  the 
foot  has  become  almost  as  important  a  part  of  the  general  physical 
examination  as  is  the  routine  examination  of  the  radial  pulse. 

In  summarizing  clinically  the  experiences  that  we  have  gathered, 
the  present  writer  wishes  to  emphasize  a  number  of  points,  for  each 
of  which  he  will  venture  to  present  definite  clinical  proof,  and  in 
submitting  clinical  proof  he,  as  far  as  possible,  endeavored  to  utilize 
the  histories  of  patients  in  whom  the  amputation  of  diseased  portions 
of  the  extremities  has  given  Dr.  Buerger  the  opportunity  to  make  his 
excellent  pathological  studies.  The  points  especially  to  be  empha- 
sized are  these: 

1.  That  erythromelalgia  and  Raynaud's  disease  are  often  asso- 
ciated with  one  another;  that  a  sharp  line  of  demarcation  between 
the  two  cannot  always  be  maintained;  that  the  t^-pes  blend  into  one 
another  so  readily  that  the  exact  labelling  of  a  case  is  often  a  matter 
of  great  difficulty. 

2.  That  the  clinical  symptoms  at  one  part  of  the  disease  corre- 
spond closely  to  the  erythromelalgic  t^-pe,  and  at  a  later  stage  to  the 
Raynaud  type. 

3.  The  relative  frequency  with  which  erythromelalgia  is  associated 
with  gangrene,  generally  dry  gangrene. 

4.  That  there  are  cases  which,  in  their  incipiency,  present  typical 
symptoms  of  Raynaud's  disease,  and  as  they  progress  might  very 
well  be  designated  as  cases  of  spontaneous  gangrene  due  to  oblitera- 
ting endarteritis  (or  angeothrombosis — Buerger). 
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5.  I  wish  to  call  attention  to  the  occasional  association  of  Ray- 
naud's disease  with  chronic  rheumatism,  as  well  as  its  occurrence 
in  cases  of  cerebral  endarteritis.  It  is  almost  superfluous  to  point 
out  the  relation  in  these  cases  between  the  defective  blood  supply 
of  the  extremities  and  cardiac  disease  accompanying  these  disorders. 

6.  Special  attention  should  be  directed  to  the  association  of 
intermittent  claudication  with  symptoms  of  the  Raynaud  type,  an 
association  which  was  theoretically  conceived  a  nimiber  of  years  ago 
both  by  Erb  and  myself,  but  which  I  have  seen  demonstrated  in 
only  a  very  few  instances.  Erb  proved  conclusively  that  intermit- 
tent claudication  was  due  to  interference  with  the  peripheral  blood 
supply,  and  in  my  first  paper  on  erythromelalgia  I  stated  that 
from  the  view-point  of  pathology,  "intermittent  claudication  may 
be  contrasted  with  erythromelalgia  (motor  paralytic  symptoms 
with  sensory  and  vasomotor-  disturbances,  both  due  to  peripheral 
nerve  disease  following  upon  obliterating  endarteritis.")  If  Dr. 
Buerger's  views  are  correct  we  shall  have  to  substitute  thrombo- 
angeitis  for  obliterating  endarteritis. 
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THROMBO-ANGEITIS  OBLITERANS:  A  STUDY  OF  THE 

VASCULAR  LESIONS  LEADING  TO  PRESENILE 

SPONTANEOUS  GANGRENE/ 


By  LEO  BUERGER,  M.D,, 

ASSISTANT    ADJUNCT    SURGEON    AND    ASSOCIATE    IN    SURGICAL    PATHOLOGY,    iMT      SINAI 
HOSPITAL,    NEW    YORK. 


There  is  an  interesting  group  of  cases  characterized  by  typical 
symptoms  which  the  Germans  have  described  under  the  name 
"Spontan-gangran."  In  1879  Von  Winiwarter  published  the 
results  of  the  pathological  findings  in  one  case  and  reported  an  ob- 
literation of  practically  all  of  the  arteries  of  the  leg  by  reason  of  a 
chronic  proliferative  process,  due,  in  his  opinion,  to  a  newgrowth 
of  tissue  from  the  intima.  He  therefore  proposed  a  new  name 
for  this  condition,  namely,  "endarteritis  obliterans."  Patients 
afflicted  with  this  so-called  "endarteritis  obliterans"  present  symp- 
toms which  are  so  characteristic  that  the  diagnosis  is  not  difficult. 
I  have  had  occasion  to  observe  some  thirty  cases  of  this  disease, 
and  have  made  pathological  studies  on  the  vessels  obtained  from 
eleven  amputated  limbs. 

The  disease  occurs  frequently,  though  not  exclusively,  among  the 
Polish  and  Russian  Jews,  and  it  is  in  the  dispensaries  and  hospitals 
of  New  York  City  that  we  found  a  good  opportunity  for  studying 
it  in  its  two  phases,  namely,  in  the  period  which  precedes  and  in  that 
which  follows  the  onset  of  the  gangrene.  We  usually  find  it  occurring 
in  young  adults  between  the  affes  of  twentv  and  thirtv-five  or  fortv 
years,  and  it  is  because  the  gangrenous  process  may  begin  at  an 
early  age  that  the  names  presenile  and  juvenile  gangrene  have  been 
employed.  In  one  class  of  cases  there  are  rather  characteristic 
attacks  of  ischemia.     The  patients  complain  of  indefinite  pains  in 

'  Read  by  invitation. 
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the  foot,  in  the  calf  of  the  leg  or  m  the  toes,  and,  particularly,  of  a 
a  sense  of  numbness  or  coldness  whenever  the  weather  is  unfavor- 
able. Upon  examination  we  see  that  one  or  both  feet  are  markedly 
blanched,  almost  cadaveric  in  appearance,  cold  to  the  touch,  and 
that  neither  the  dorsalis  pedis  nor  the  posterior  tibial  artery  pulsates. 
When  the  foot  becomes  warm  some  color  gradually  returns.  Some 
patients  complain  of  rheumatic  pams  in  the  leg,  others  are  able  to 
walk  but  a  short  distance  before  the  advent  of  paroxysmal  shooting, 
cramp-like  pains  in  the  calf  of  the  leg  makes  it  imperative  for  them 
to  stop  short  in  their  walk.  Some  of  these  cases  give  the  typical 
symptoms  of  intermittent  claudication.  After  months,  or,  in  some 
cases,  even  years  have  elapsed,  trophic  disturbances  make  their 
appearance.  It  is  at  this  stage  that  another  rather  unique  symptom 
makes  its  appearance,  which  gives  the  affected  limb  the  appearance, 
as  seen  in  erythromelalgia.  In  the  pendent  position,  a  bright  red 
blush  of  the  toes  in  the  anterior  part  of  the  foot  comes  on  rather 
rapidly,  extending  in  some  cases  to  the  ankle  or  slightly  above. 
In  some  instances  a  blister,  hemorrhagic  bleb,  or  ulcer  develops 
near  the  tip  of  one  of  the  toes,  usually  on  the  big  toe,  frequently  under 
the  nail,  and  when  this  condition  ensues  the  local  pain  becomes 
intense.  Such  trophic  disturbances  may  at  times  make  little  prog- 
ress and  last  for  months;  sometimes,  however,  the  skin  in  the  neigh- 
borhood shows  cvanotic  discoloration,  and  drv  gangrene  of  the  whole 
toe  is  an  early  issue.  Even  before  the  gangrene,  at  the  ulcerative 
stage,  amputation  may  become  imperative  because  of  the  intensity 
of  the  pain.  The  left  leg  is  usually  the  first  to  become  affected, 
although  both  limbs  may  show  vascular  disturbances  almost  simul- 
taneously, and,  when  such  is  the  case,  the  trophic  changes,  the 
ischemia,  or  the  reddening  may  give  rise  to  a  symptom  complex 
often  diagnosticated  as  Raynaud's  disease.  In  short,  after  longer  or 
shorter  periods  characterized  by  pain,  coldness  of  the  feet,  ischemia, 
intermittent  claudication,  and  erythromelalgic  symptoms,  evidences 
of  trophic  disturbances  appear  which  finally  pass  over  into  a  condi- 
tion of  dry  gangrene. 

Historical.  Although  the  literature  bearing  upon  the  pathology 
of  the  disease  just  described  is  large,  I  wish  to  call  attention  only  to 
some  of  the  more  important  contributions.     Von  Winiwarter  and 
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Friedlander  ascribed  the  closure  of  the  vessels  to  a  proliferation  of 
the  cellular  and  fibrous  elements  in  the  intima,  and,  therefore,  pro- 
posed to  call  the  lesion  by  the  name  "endarteritis  obliterans."  This 
theory  has  been  accepted  by  most  authors  and  even  today  it  is  to 
be  found  in  all  the  text-books.  Somewhat  later  Wilsonski  pro- 
nounced the  opinion  that  the  essential  change  in  the  vessel  walls 
was  due  to  a  multiplication  of  the  elastic  fibers,  and  proposed  to 
name  "anteritis  elastica"  for  the  condition.  Perhaps  the  most 
important  contributions  are  those  of  Weiss  and  Zoege  von  Manteuffel, 
because  these  authors  placed  an  entirely  new  interpretation  upon  the 
pathological  findings.  Basing  his  paper  upon  the  studies  of  his 
assistant,  Weiss,  von  Manteuffel  suggests  that  the  extensive  oc- 
clusion of  the  vessels  in  this  disease  is  dependent  upon  a  primary 
arteriosclerosis;  that  the  obliterative  process  commences  in  the 
popliteal  artery,  where  it  owes  its  inception  to  the  formation  of 
a  parietal  white  thrombus;  and  that  by  virtue  of  a  gradual  extension 
of  the  parietal  thrombi  dowmward,  followed  by  organization,  a 
picture  resembling  an  obliterative  endarteritis  is  produced.  In 
his  cases  the  veins  did  not  seem  to  be  involved  in  the  process. 
Yon  ^lanteuffel  comes  to  the  conclusion  that  the  thrombosis 
is  due  to  desquamation  of  endothelial  cells,  and  that  this  oc- 
curs where  the  intima  shows  most  advanced  lesions  of  arterio- 
sclerosis, namely,  somewhere  in  the  popliteal  artery.  In  spite  of 
the  views  expressed  by  these  latter  authors,  Sternberg,  from  the 
study  of  8  cases,  is  in  accord  with  the  old  conception  first  suggested 
by  von  Winiwarter.  Bunge,  on  the  other  hand,  agrees  with  von 
]Manteuffel,  but  his  three  cases  appear  to  be  instances  of  advanced 
arteriosclerotic  change  in  elderly  people  rather  than  examples  of 
the  disease  grouped  under  the  name  "endarteritis  obliterans." 

Two  schools,  then,  have  arisen  among  those  who  have  made 
careful  anatomical  investigations:  First,  those  who  agree  with 
von  Winiwarter  and  who  attribute  the  closure  of  the  vessels  to  pro- 
liferation of  the  intima,  and  second,  those  who  consider  the  process 
to  be  a  peculiar  type  of  arteriosclerosis,  in  which  desquamation  of 
endothelium  in  the  popliteal  artery  leads  to  the  formation  of  parietal 
white  thrombi  and  to  occlusion  of  the  arteries  by  direct  peripheral 
extension  from  the  primary  focus. 
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During  the  past  year  and  a  half,  through  the  kindness  of  Drs. 
LiUenthal,  Gerster,  and  Sachs,  of  Mt.  Sinai  Hospital,  I  have  been 
able  to  make  careful  anatomical  studies  on  eleven  amputated  lower 
extremities.  Although  the  results  of  the  macroscopic  and  micro- 
scopic examination  of  the  vessels  agreed  in  great  part  with  the 
findings  of  other  authors,  a  large  number  of  additional  facts  were 
obtained  which  throw  new  light  upon  the  pathology  of  the  process. 
From  my  own  findings  I  may  anticipate  now  by  saying  that  I  can- 
not agree  with  the  views  of  von  Winiwarter  or  von  iVIanteuffel, 
but  have  come  to  the  conclusion  that  we  are  dealing  here  with  a 
thrombotic  process  in  the  arteries  and  veins,  followed  by  organiza- 
tion and  canalization,  and  not  with  an  obliterating  endarteritis. 

Gross  Pathology.  If  we  dissect  out  the  vessels  in  these  cases 
we  are  struck  by  the  fact  that  there  is  an  extensive  obliteration  of 
the  larger  arteries  and  veins.  Beside  this  we  find  two  other  lesions 
which  vary  greatly  in  their  intensity,  namely,  the  peri-arteritis  and 
the  arteriosclerosis. 

Upon  making  a  large  number  of  sections  through  such  obliterated 
arteries  and  veins  at  different  levels,  we  find  certain  characteristic 
appearances,  which,  in  a  general  way,  depend  upon  the  age  of  the 
occluding  process.  Usually  the  vessel  is  seen  to  be  filled  with  a 
grayish  or  yellowish  mass  that  can  be  distinctly  differentiated  from 
the  annular  wall  of  the  vessel,  and  that  appears  to  be  pierced  at 
one  point  (more  rarely  at  a  number  of  points)  by  an  extremely 
fine  opening  through  which  a  minute  drop  of  blood  can  be  squeezed. 
Such  obturating  tissue  is  firm  in  consistency,  and  does  not  at  all 
resemble  the  crescentic  or  semilunar  occluding  masses  typical 
of  arteriosclerosis.  The  vessel  itself  is  usually  contrasted  so  that 
its  wall  appears  somewhat  thickened.  This  picture  is  characteristic 
of  arteries  or  veins  which  are  the  seat  of  a  very  old  obliterative 
process,  and  is  to  be  found  most  frequently  in  the  peripheral  portions 
of  the  vessels,  although  at  times  this  type  of  lesion  may  extend 
throughout  the  whole  length  of  the  vessel,  from  the  dorsalis  hallucis 
almost  into  the  popliteal. 

As  we  trace  certain  of  the  obliterated  arteries  or  veins  upward, 
we  are  apt  to  meet  with  a  change  in  the  character  of  the  obturating 
tissue;  frequently  it  becomes  softer,  more  bro\^^lish  in  color,  and 
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terminates  abruptly  in  the  lumen  of  an  apparently  normal  vessel; 
at  other  times  the  broT\iiish  tissue  gives  way  to  soft  reddish  masses 
which  are  evidently  the  results  of  recent  thrombosis.  In  some  cases 
this  thrombotic  process  occupies  large  portions  of  the  vessel's  course; 
in  others  it  is  of  short  extent  and  terminates  in  a  long  cone  of  recent 
thrombus. 

It  is  interesting  to  note  that  the  veins  share  equally  with  the  arteries 
in  the  lesion  of  occlusion.  In  some  cases  the  veins  are  more  exten- 
sively involved  than  the  arteries,  and  this  is  particularly  true  of  the 
collaterals  of  the  posterior  tibial,  which  are  often  closed  when  the 
anterior  tibial  veins  are  open.  As  for  the  arteries,  we  usually 
find  an  obliteration  of  a  part  or  the  whole  of  the  anterior  tibial,  of 
the  dorsalis  pedis,  and  dorsalis  hallucis,  an  occlusion  of  the  posterior 
tibial  and'plantar  vessels  with  or  without  involvement  of  the  peroneal. 
Sometimes  the  anterior  tibial  is  practically  normal  in  its  upper  half 
or  upper  two-thirds.  More  rarely  a  large  portion  of  the  dorsalis 
pedis  is  open,  with  the  beginning  of  the  occlusion  in  the  upper  part 
of  this  vessel,  or  in  the  lower  part  of  the  anterior  tibial.  It  is  to  be 
regretted  that  the  termination  of  the  process  m  the  posterior  vessels 
of  the  leg  could  not  be  determined  in  every  instance,  because  of  the 
fact  that  amputation  was  done  at  a  point  where  the  posterior  tibial 
was  closed.  In  two  cases,  however,  the  popliteal  and  part  of  the 
posterior  tibial  vessels  were  found  free;  m  others  the  popliteal 
could  be  felt  to  pulsate  before  the  operation,  and  we  can  therefore 
conclude  that  in  a  number  of  cases,  at  least,  the  obturation  does 
not  attain  the  level  of  the  popliteal  artery. 

Without  giving  a  detailed  description  of  the  extent  of  the  occlusion 
in  all  the  cases,  we  may  summarize  by  saying  that  we  usually  meet 
with  obliteration  of  large  territories,  with  closure  of  the  distal  parts 
of  the  vessels  rather  than  the  proxirnal;  that  there  is  often  an  involve- 
ment of  some  of  the  smaller  branches,  such  as  metatarsal  and  tarsal, 
but  that  the  smallest  arteries  are  free.  The  beginnings  of  the  ob- 
literation are  not  to  be  sought  in  the  capillaries  nor  in  the  finest 
branches.  If  we  follow  the  vessels  upward,  we  frequently  see  a 
sudden  cessation  of  the  process,  and  in  a  number  of  instances  we 
find  that  some  5  or  10  cm.  of  a  vessel's  length  are  closed  and  that  the 
portions  above  and  below  are  apparently  normal. 
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It  is  from  a  study  of  the  terminations  of  the  obliterating  masses 
of  tissue,  together  with  a  study  of  those  parts  of  the  vessels  which  are 
apparently  unaffected  by  the  process,  that  most  valuable  informa- 
tion in  regard  to  the  pathology  of  the  disease  can  be  gained.  As 
already  indicated,  there  may  be  a  sudden  and  abrupt  change  from 
occluded  vessel  to  normal  vessel;  that  is  to  say,  the  yellowish  brown 
tissue  terminates  in  a  rounded  dome-like  process  which  projects 
into  an  apparently  normal  lumen;  or,  there  may  be  a  transition  into 
red  thrombotic  masses  or  a  conversion  of  the  denser  occluding  tissue 
into  tissue  not  unlike  granulations.  Such  terminations  occur  at 
various  points  in  the  course  of  the  arteries  and  veins.  In  one  case 
the  obliteration  of  the  anterior  tibial  extended  to  about  the  middle 
of  its  course,  and  above  this  point  its  walls  were  almost  normal 
save  for  some  thickening  of  the  intima.  In  another  case  the  upper 
and  lower  terminations  of  the  occluding  tissue  were  found  in  the 
posterior  tibial  and  in  the  peroneal  arteries. 

The  peculiar  appearance  presented  by  these  terminations,  the 
apparently  normal  condition  of  the  vessel  above  and  below  the 
occluding  masses,  and  the  transition  into  thrombosed  areas,  all 
these  speak  in  favor  of  the  view  that  we  are  dealing  with  a  thrombo- 
arteritis  or  thrombophlebitis,  rather  than  with  a  proliferative  or 
obliterating  process  derived  from  the  intima  of  the  arteries  and 
veins.  The  microscopic  studies  gave  sufficient  evidence  of  the 
correctness  of  this  conception. 

Besides  the  lesion  of  occlusion  there  are  two  other  striking  changes, 
namely,  a  certain  amount  of  arteriosclerotic  thickening  and  peri- 
arteritis. The  arteriosclerosis  is  never  pronounced  except  in  those 
rare  instances  in  which  the  patient  has  suffered  from  the  disease  for 
many  years  and  has  reached  the  latter  part  of  the  foin-th  decade. 
As  a  rule,  we  note  but  a  very  slight  degree  of  whitening  or  thickening 
of  the  intima  here  and  there  in  the  patent  portions  of  the  vessels. 
In  a- very  few  cases  small  atheromatous  patches  are  present.  There 
were  deposits  of  lime  in  but  one  case,  and  these  were  of  small  extent. 

A  much  more  interesting  and  more  imporant  change  is  the  fibrotic 
thickening  of  tissues  immediately  about  the  vessels,  which  I  wish  to 
discuss  under  the  name  "peri-arteritis."  ^Mierever  the  vessels 
are  occluded   there   is  apt   to  be  an   agglutinative  process   which 
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binds  together  the  artery  and  its  collateral  veins,  and  sometimes  also 
the  accompanying  nerve,  so  that  liberation  of  the  individual  vessels 
by  dissection  is  difficult.  This  adhesive  condition  is  due  to  fibrous 
tissue  growth,  and  varies  considerably  in  its  amount.  At  times  we 
find  little  or  no  change  about  the  occluded  artery,  at  times  fairly 
firm  agglutination  of  the  vessels  in  the  sheath  without  much  fibrosis, 
and  at  other  times  so  large  an  amount  of  connective-tissue  growth 
that  isolation  of  the  vessels  or  nerves  becomes  impossible,  and  the 
vascular  structures  make  up  one  dense,  rigid  cord.  In  a  general 
way  we  may  say  that  whenever  both  the  collateral  veins  and  the 
artery  are  occluded,  we  expect  a  fair  amount  of  peri-arteritis,  and 
that  when  but  one  vessel  is  affected,  the  perivascular  change  may 
be  insignificant,  and  finally,  that  the  amount  of  peri-arteritis  varies 
in  the  flifferent  cases  as  well  as  in  the  different  territories  affected 
by  the  disease. 

Histology.  The  pictures  presented  by  the  vessels  that  are  in- 
volved in  this  process  are  so  varied  that  I  must  confine  myself 
to  the  description  of  those  rather  typical  changes  that  have  suggested 
the  true  nature  of  the  process  to  me,  and  from  a  study  of  which 
we  can  see  the  development  of  the  lesion  from  its  incipiency  to  its 
final  maturation.  I  wish  to  point  out  (1)  the  lesions  of  arterio- 
sclerosis; (2)  those  that  belong  to  the  peri-arteritis;  (3)  the  typical 
pictures  found  in  the  old  obliterative  process;  (4)  the  differentiation 
of  this  lesion  from  the  occlusive  changes  of  arteriosclerosis;  (5)  the 
various  stages  in  the  development  of  the  occluding  process  from 
the  beginning  of  the  thrombosis  to  the  final  fillmg  up  of  the  vessel 
with  dense  fibrotic  masses. 

Both  the  arteries  and  the  veins  show  varying  degrees  of  thickening 
of  the  intima,  the  usual  subendothelial  changes,  with  a  fairly  well- 
marked  hypertrophy  of  the  internal  elastic  lamina,  without  much 
proliferation  of  new  elastic  tissue  in  the  thickenings  of  the  intima. 
Of  the  two  types  of  elastic  tissue  production  pointed  out  by  Jores, 
that  which  is  dependent  upon  reduplication  or  hypertrophy  of  the 
internal  elastic  lamina  is  the  more  pronounced.  Now  and  then 
in  the  older  patients  there  are  small  plaques.  Although  the  very 
small  arteries  may  also  be  the  site  of  thickening  of  the  intima,  this 
change  is  never  sufficiently  great  to  lead  to  complete  or  even  marked 
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obliteration  of  the  lumen  of  the  vessel.  In  the  popliteal  artery  the 
formation  of  nodular  thickenings  is  most  extensive,  but  even  here 
these  are  of  moderate  size. 

The  perivascular  changes  manifest  themselves  in  a  proliferation 
of  connective  tissue  in  and  around  the  adventitia,  and  are  of  two 
types,  recent  and  old.  AMiere  the  perivascular  proliferation  is 
active,  the  fixed  connective-tissue  cells  multiply  and  fibrous,  inter- 
cellular substance  is  deposited.     Here  and  there  small  perivascular 


Fig.  1. — Obliterating  tissue;  old  variety  in  dorsalis  pedis;  can  be  mistaken  for  "endarter- 
itis;" old  connective  tissue;  canalization;  only  slight  vascularization  of  media.      X  P.O. 

foci  of  lymphoid  cells  are  found,  but  these  do  not  seem  to  take  an 
important  part  in  the  formation  of  connective  tissue.  In  the  old 
variety  the  fibrotic  process  appears  to  have  come  to  a  standstill, 
and  the  vessels  and  nerves  are  encased  by  dense  bands  of  fibrous 
tissue,  sometimes  of  a  hyaline  nature. 

If  we  examine  a  cross-section  of  an  artery  or  vem  which  is  the  seat 
of  an  old  obliterative  process,  we  often  find  an  irregular,  centrally 
placed   lumen,    a   large   amount   of   new-formed    tissue   occluding 
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the  original  lumen,  and  certain  changes  in  the  media,  the  whole 
picture  giving  one  the  impression  that  there  is  an  extensive  pro- 
liferation of  the  intima,  namely,  an  endarteritis  obliterans  (Fig.  1). 
From  a  consideration  of  the  descriptions  which  are  to  follow  we 
will  understand,  however,  that  the  new  masses  in  the  lumen  are  not 
'derivatives  of  the  intima,  but  owe  their  origin  to  organization  of 
obliterating  red  thrombi.  In  the  occluding  tissue  we  find  a  fairly 
large  number  of  capillaries,  some  blood  pigment,  and  fibrous  tissue 
which    is    either    ricii    in    cells    or    has    alreadv   become    sclerotic 


Fig.  2. — Lesion  of  media  in  medium-sized  artery;  many  capillaries  with  or  without 
slight  perivascular  lymphoid  infiltration  in  media;  penetration  of  internal  elastic  lamina 
by  vessels  which  enter  rather  old  typical  occluding  tissue.       X  125. 

in  nature.  ^Miere  the  process  is  oldest,  there  the  capillaries  are 
few,  the  connective  tissue  has  become  dense,  the  pigment  has  dis- 
appeared, and  either  in  the  middle  or  near  the  periphery  of  the 
obturating  mass  there  is  a  large  dilated  vessel  which  is  surrounded 
by  connective  tissue  and  which  simulates  the  remnant  of  the  original 
lumen.  In  other  vessels  there  are  large  sinuses  in  the  occluding 
mass,  or    dilated  vessels   separated    by    dense    connective    tissue. 
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or  there  are  atypical  conformations  in  which  two  large  blood  spaces 
are  separated  by  a  septum  that  appears  to  spring  from  the  intima 
of  the  vessel.  The  internal  elastic  lamina  is  thrown  into  marked 
folds,  and  between  it  and  the  connective  tissue  described  there  may 
be  a  slight  or  moderate  amount  of  fibrotic  change  in  the  intermediate 
layer  of  Eberth.  The  striking  lesion  of  the  media  is  the  presence 
of  capillaries  with  or  without  a  small  amount  of  lymphoid  infiltra- 
tion in  their  immediate  vicinity  (Fig.  2).     Such  capillaries  may  be 


Fig.  3. — Obliterating  arteriosclerosis  [><rr  in).  <  iMiteration  of  the  greater  part  of  the 
lumen  by  thickened  intima  containing  typical  elastic  tissue  of  arteriosclerosis;  the  small 
clear  area  in  the  right  side  of  the  lumen  contains  a  recent  thrombus.      X  40. 


present  in  small  or  in  large  numbers,  depending  upon  the  age  of  the 
process;  where  the  occlusion  is  recent  the. signs  of  activity  in  the 
media  are  striking,  the  capillaries  plentiful,  and  the  cellular  infiltration 
marked.  The  fine  vessels  come  in  from  the  adventitia,  pass  through 
the  media,  and  penetrate  the  internal  elastic  lamina  in  order  to  vas- 
cularize the  obturating;  mass. 

What  are  the  distinguishino-  features  which  enable  us  to  differen- 
tiate  an  arteriosclerotic  process  from  the  lesions  just  described,  and 
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how  can  we  establish  the  independence  of  the  obturating  masses 
from  the  intima  from  which  most  authors  woukl  have  them  arise? 
By  the  employment  of  the  elastic-tissue  stains  certain  characteristics 
are  brought  to  light  which  make  it  possible  for  us  to  say  whether 
we  are  dealing  with  a  thickening  of  the  intima  or  with  a  new  tissue 
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Fig.  4. — Elastic  tissue  in  old  obliterating  mass;   perivascular  disposition;    no  tendency  to 
arrange  itself  parallel  to  internal  elastic  lamina,  as  is  the  case  in  arteriosclerosis.     X  40. 

lying  in  the  lumen  of  the  vessel.  In  arteriosclerosis  we  often  find 
large  obturating  plaques  which  almost  completely  fill  the  vessel, 
the  small  space  that  is  left  being  finally  closed  by  a  thrombus  which 
becomes  organized.  It  is  not  diflBcult  to  recognize  such  lesions 
as  being  arteriosclerotic  when  we  note  the  large  amount  of  elastic 
fibers  in  the  plaque  and  note  that  these  fibers  are  disposed  for  the 
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most  part  parallel  with  the  internal  elastic  lamina  (Fig.  3).  In  the 
occluding  masses  of  so-called  endarteritis  obliterans,  we  find  either 
a  total  absence  of  elastic  fibers,  or,  when  such  are  present,  a  growth 
of  fibers  around  the  larger  canalizing  vessels,  particularly  about 
those  which  are  thick  walled  and  old  (Fig.  4).  The  differ- 
ences in  the  two  lesions  are  well  elucidated  by  the  pictures  which 
we  obtain  when  w^e  examine  vessels  that  show  a  combination  of 
marked  arteriosclerosis  and  so-called  endarteritis  obliterans.  At 
times  we  find  occlusion  of  a  vessel  by  obturating  masses  at  the  site 
of  an  arteriosclerotic  plaque,  and  then  the  distinctions  which  I 
have  pointed  out  become  very  apparent.  In  such  places  the 
elastic  fibers  that  belong  to  the  thickenetl  intima  do  not  pass  over 
into  the  occluding  tissue  except  in  those  rare  instances  where  the 
penetrating  vessel  has  ruptured  such  elastic  fibers  and  has  carried 
them  for  a  short  distance  inward. 

The  most  instructive  histological  pictures  are  those  that  are  ob- 
tained in  an  examination  of  the  vessels  that  are  closed  by  transitional 
occluding  tissue,  and  by  this  I  mean  obturation  due  to  red  thrombotic 
masses  which  can  be  traced  into  the  softer  brownish  tissue  and 
which  finally  may  terminate  in  the  dense  old  masses,  the  histology 
of  which  has  already  been  discussed.  In  a  number  of  cases,  and 
especially  well  marked  in  the  vessels  in  an  extremity  which  was 
amputated  because  of  pain  without  gangrene,  such  transitions  from 
areas  of  red  thrombosis  into  the  older  stages  were  found.  If  we 
examine  a  vein  or  artery  at  or  near  the  termination  of  the  red  throm- 
bus, we  find  a  fairly  recent  clot  filling  the  lumen  of  the  vessel  without 
change  in  the  vessel  wall.  A  short  distance  farther  the  clot 
becomes  adherent  in  places  and  the  corresponding  portions  of  the 
media  show  beginning  lymphoid  infiltration  and  the  earliest  signs 
of  vascularization.  At  a  point  still  farther  removed  the  aspect 
of  the  thrombosis  has  considerably  changed.  A  number  of  miliary 
foci,  not  unlike  miliary  tubercles,  make  their  appearance  near  the 
periphery,  and  there  are  evidences  of  organization  such  as  the 
formation  of  capillary  sprouts,  fine  capillaries,  and  fibroblasts.  The 
miliary  foci  present  a  central  area  of  fibrin  and  one  or  more  giant 
cells  (probably  phagocytic  in  nature)  with  cells  not  unlike  endothelial 
cells  in  a  peripheral  zone.     Such  giant-cell  foci  are  but  early  stages 
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in  the  process  of  organization.  At  another  level  the  picture  changes. 
The  miliary  foci  gradually  become  lost,  the  vascularization  of  the 
clot  becomes  marked,  the  fibrin  is  almost  absent,  and  numerous 
small,  round  cells  are  scattered  throughout.  Here  the  media  also 
shows  quite  a  number  of  small  capillaries  with  or  without  perivas- 
cular lymphoid  infiltration.  Whilst  the  fine  vessels  in  the  thrombus 
at  this  level  are  thin  walled,  we  soon  note  a  change  in  their  character. 
They  become  longitudinally  disposed,  here  and  there  they  connect 
with  the  media,  they  are  surrounded  by  numerous  round  cells  and 
fibroblasts  and  some  blood  pigment.  These  latter  pictures  corre- 
spond to  the  tissue  which  appears  bro\\iiish  and  is  not  very  firm. 
From  this  point  on  the  transition  into  the  old  type  is  fairly  rapid. 
The  cells  in  the  obturating  mass  disappear  and  the  fibrous  inter- 
cellular substance  becomes  abundant;  some  of  the  capillaries  atrophy, 
others  become  dilated,  forming  large  spaces  with  well-defined  walls; 
at  times  there  are  numerous  sinuses  giving  a  fenestrated  appearance; 
at  times  there  is  a  centrally  placed  vessel  resembling  a  much  dimin- 
ished lumen  of  the  original  vessel,  and  sometimes  such  canalizing 
vessels  are  centrally  placed.  With  this  final  maturation  of  the 
organizing  process  there  are  certain  concomitant  regressive  changes 
in  the  media,  namely  a  diminution  in  the  number  of  capillaries  and 
the  disappearance  of  alien  cellular  elements. 

A  detailed  discussion  of  all  the  bizarre  appearances  that  were 
found  would  take  me  too  far,  and  I  have,  therefore,  described  only 
those  changes  which  seem  to  me  to  be  valuable  in  elucidating  the 
nature  of  the  occlusion,  and  which  show  that  this  is  to  be  sought  not 
in  an  endarteritis,  but  in  the  organization  of  obliterating  thrombi.  I 
have  given,  in  brief,  the  stages  in  the  development  of  the  process, 
and  have  shovm  how  the  old  typical  pictures  can  be  directly  traced 
into  the  areas  of  old  and  recent  thrombosis;  further,  how  the  changes 
in  the  media  are  dependent  upon  vascularization  of  the  clot  and  are 
not  primary.  What  other  evidences  have  we  that  establish  the 
correctness  of  our  view  of  the  process?  A  histological  study  of 
some  of  the  terminations  of  the  obturating  tissue,  particularly  of 
the  abrupt  variety,  gives  valuable  information  on  this  point.  Thus, 
if  we  make  longitudinal  sections  through  those  rounded  ends  of 
occluding  tissue  which  mark  the  cessation  of  the  process  in  some  of 
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the  vessels,  we  see  how  the  closed  portion  of  the  vessel  surrounds 
a  vascular  mass  of  young  connective  tissue  and  pigment;  we  note 
how  the  end  of  this  mass  rounds  off,  that  it  seems  to  be  wholly 
independent  of  the  intima  except  for  points  of  junction  by  means 
of  penetrating  capillaries,  and  we  are  struck  by  the  absence  of  patho- 
logical lesions  just  beyond  the  point  of  closure  (Fig.  5). 

We  must  not  fail  to  interpret  the  nature  of  those  pictures  which 
would  at  first  sight  be  mistaken  for  obliteration  due  to  proliferation 


1-' 
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Fjg.  5.-— Central  termination  of  occluding  mass  in  peroneal  artery;  rounded  extremity 
of  an  organized  thrombus  filling  distal  half  of  artery;  slight  thickening  of  the  intima  inde- 
pendent of  obliterating  tissue.      X  30. 

of  the  intima,  namely,  those  in  which  there  is  a  large  canalizing 
vessel  more  or  less  centrally  placed,  surrounded  by  a  fair  amount  of 
elastic  fibers.  The  paucity  of  elastic  fibers  in  what  would  appear 
to  be  thickened  intima,  and  the  fact  that  the  apparent  remnant 
of  the  original  lumen  of  the  vessel  usually  divides  at  other  levels 
into  a  number  of  smaller  blood  spaces,  many  of  which  finally 
communicate  with  the  media,  make  it  evident  that  we  have  here 
simply  another  product  of  the  organizing  thrombotic  process. 
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Before  closing  the  description  of  the  vascular  lesions,  it  may  be 
well  to  allude  to  some  of  the  verv  interesting:  observations  that  were 
made  in  cases  where  the  thrombotic  process  was  evidently  of  long 
duration.     Here    we    frequently   find    that    various    stages    in    the 


Fig.  6. — Artery  and  veins  showing  di.Terent  stages  of  the  obliterative  thrombotic  pro- 
cess; above  there  are  two  recently  thrombosed  veins;  in  the  centre  and  below,  an  artery 
and  vein  are  filled  with  sclerotic  canalized  tissue. 

organizing  and  thrombotic  process  may  be  represented  not  only  in 
different  vessels  of  the  limb,  but  also  in  the  separate  members  of 
a  vascular  sheath.  Thus  the  posterior  tibial  artery  may  be  occluded 
by  dense,  fibrotic  canalized  tissue  over  the  greater  part  of  its  course, 
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one  of  its  accompanying  veins  showing  an  intermediate  stage,  another 
a  very  early  process  (Fig.  6).  Still  more  striking  are  the  appear- 
ances that  were  seen  in  the  posterior  tibial  vessels  of  one  case.  Here 
the  canalizing  vessels  had  become  very  large  and  thick  walled,  and 
had  become  affected  by  the  same  thrombotic  changes  that  had 
previously  occurred  in  the  parent  vessel. 

Pictures,  such  as  these  just  depicted,  not  only  point  out  the 
true  nature  of  the  process,  but  are  also  suggestive  of  the  historical 
development  of  the  lesion.  They  tend  to  show  that  there  are  fre- 
quent relapses  or  recurrences  of  the  thrombosis,  now  m  this,  now 
in  that  vessel,  at  one  time  extending  upward  in  a  vessel  already 
diseased,  at  another  time  affecting  even  the  canalizing  vessels  them- 
selves. 

The  Nerve  Lesions.  The  study  of  the  nerves  in  these  cases  is 
of  considerable  importance,  both  because  the  symptom  of  pain  is 
such  a  constant  and  distressing  one,  and  because  some  of  the  clinical 
features,  such  as  the  red  blush  of  the  foot  in  the  pendent  position, 
the  transitory  ischemia,  and  the  cramp-like  sensations  in  the  calf, 
have  all  been,  in  turn,  referred  to  either  some  spinal  or  peripheral 
nerve  disturbance. 

In  general,  we  may  say  that  the  nerve  lesions  are  secondary,  appar- 
ently dependent  upon  the  fibrotic  perivascular  changes.  Thus  we 
find  considerable  connective-tissue  proliferation  around  the  nerve 
bundles,  thickening  of  the  perineurium,  and  even  atrophy  of  nerve 
fibers  wherever  the  peri-arteritis  is  marked  and  where  the  nerves  are 
intimately  connected  with  the  vessels.  In  such  places  degeneration 
of  many  nerve  fibers  can  be  demonstrated  by  the  ]\Iarchi  method. 
The  oldest  perivascular  connective-tissue  proliferation  is  then  usually 
accompanied  by  the  most  intense  fibrosis  of  the  nerve  sheaths.  The 
popliteal  nerve  is  usually  free,  as  also  the  internal  popliteal;  whereas, 
the  anterior  tibial  and  posterior  tibial  are  more  frequently  affected. 
The  cases  vary  considerably  in  regard  to  the  amount  of  nerve  lesions. 
In  some,  where  the  peri-arteritis  is  minimal,  no  change  m  the 
nerves  could  be  demonstrated;  in  others  some  of  the  nerves  were 
found  embedded  in  a  dense  mass  of  connective  tissue.  As  regards 
the  extent  of  the  process,  this  corresponds  fairly  well  with  the  vascu- 
lar territory  which  is  involved. 
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General  Considerations.  Before  entering  upon  a  discussion 
of  the  genesis  of  the  process,  and  before  giving  our  views  as  to  the 
possible  etiology,  it  may  be  well  to  recall  some  of  the  more  important 
facts  that  have  been  developed  by  the  study  of  the  pathological 
lesions.     These  may  be  summarizetl  as  follows: 

Most  of  the  larger  arteries  and  veins  of  the  amputated  limbs  were 
found  obliterated  over  a  large  extent  of  their  course. 

The  obliterative  process  can  be  studied  at  any  stage  in  its  develop- 
ment if  enough  vessels  are  examined. 

All  stages  in  the  occlusive  change  may  occur  in  the  various  vessels 
of  an  extremity,  or,  at  times,  in  the  same  vessel  in  different  parts  of 
its  course. 

The  occlusion  of  the  vessels  is  effected  by  red  obturating  thrombi; 
these  become  organized,  vascularized,  and  canalized. 

The  recent  red  thrombus  may  involve  large  portions  of  arteries 
or  veins,  and  is  not  secondary  to  the  gangrenous  process.  It  occurs 
even  when  no  gangrene  is  present. 

Certain  changes  in  the  perivascular  tissues,  in  the  adventitia, 
media,  and  intima,  regularly  accompany  the  occluding  process. 

There  is  moderate  thickening  of  the  intima;  this  is  never  sufficient 
to  cause  marked  narrowing  of  the  lumina  of  the  vessels,  and  does  not 
seem  to  play  any  considerable  role  in  the  genesis  of  thrombotic 
process. 

The  media  and  adventitia  show  cellular  infiltration  and  vascular- 
ization wherever  thrombosis  has  occurred.  The  intensity  of  the 
cellular  and  vascular  change  seems,  in  general,  to  depend  upon 
the  activity  of  the  organization  of  the  clot;  however,  in  some  cases 
it  seems  to  be  sufficiently  marked  to  make  it  appear  that  the  same 
agent  which  calls  forth  the  coagulation  of  the  blood  is  also  effective 
in   producing  the   mesarterial   lesion. 

The  occluding  masses  frequently  terminate  abruptly  in  apparently 
normal  vessels. 

The  changes  in  the  media  never  extend  into  the  walls  of  the  patent 
portions  of  the  vessel;  usually  they  terminate  before  the  end  of  the 
obturating  tissue  or  thrombus  is  reached;  indeed,  the  dependence 
of  the  media  changes  upon  the  organization  of  the  thrombi  can  be 
demonstrated  in  many  places. 
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As  a  result  of  the  dilatation  of  a  central  canalizing  vessel  and 
the  fibrous  change  in  the  occluding  tissue,  a  picture  resembling 
that  due  to  intense  proliferation  of  the  intima  may  be  produced. 

By  means  of  elastic-tissue  stains  and  a  thorough  study  of  the 
vessels  at  many  levels  it  is  comparatively  easy  to  show  that  the 
obliterative  process  has  its  origin  in  a  thrombus,  and  differs  in  a 
number  of  essentials  from  the  occlusive  change  due  to  arteriosclerosis. 

From  what  has  been  said,  we  must  needs  regard  the  views  of 
von  Winiwarter  and  those  who  have  agreed  with  him  as  fallacious, 
and  have  but  to  deal  with  the  theory  propounded  by  von  ^Nlanteuffel. 
We  would  at  first  hand  be  led  to  the  belief  that  the  changes  in  the 
intima  are,  in  great  part,  responsible  for  the  thrombosis.  For 
this  is  doubtless  the  case  in  the  secondary  closure  l>y  clot  in  cases  of 
senile  and  diabetic  gangrene.  Zoege  von  Manteuffel  takes  the  view 
that  parietal  white  thrombi  first  lodge  in  the  popliteal  and  gradually 
extend  dowTiward,  that  they  remain  mural  in  nature,  are  of  the  white 
variety,  and  are  but  rarely  mixed  with  small,  red  clots  of  recent  origin. 
Practically  every  one  of  my  cases  furnished  me  with  many  evidences 
of  the  incorrectness  of  this  conception.  Thus,  the  large  territories 
filled  with  red  thrombi  with  their  transitions  into  the  old  occluding 
masses,  the  frequent  absence  of  any  change  in  the  upper  parts  of 
the  anterior  tibial  and  posterior  tibial  when  very  distal  parts  were 
occluded,  and,  further,  the  presence  of  pulsation  m  the  popliteal 
in  some  of  the  cases  in  which  that  vessel  could  not  be  examined — 
all  these  speak  agamst  his  assumption.  We  gain  the  impression 
that  the  obturation  ascends  rather  than  descends,  for  the  firmest 
and  oldest  tissue  is  most  frequently  fomid  in  the  distal  parts,  and  not 
infrequently  terminates  in  young  thrombi,  or  soft,  rounded,  abrupt 
terminations  in  the  middle  or  lower  part  of  the  leg.  Fmally,  the 
presence  of  the  same  lesion  in  the  veins,  which  Zoege  von  Manteuffel 
had  evidently  not  encountered,  could  certainly  not  be  explained  in 
the  light  of  his  theory. 

^Miat,  then,  causes  the  extensive  thrombosis  of  the  veins  and 
arteries  ?  We  are  not  able  at  this  juncture  to  give  a  decisive  answer 
on  this  perplexing  point.  Even  to  this  day  the  determining  causes 
of  thrombosis  are  not  completely  understood,  and  it  is  therefore  not 
surprising  that  here  also  we  meet  with  difficulty.      A  number  of 


21S  BUERGER:   THROMBO-ANGEITIS    OBLITERANS 

factors  must  be  taken  into  account:  the  arteriosclerotic  change, 
the  lesions  of  the  media,  the  peri-arteritis  (as  pathological  changes 
conducive  to  thrombosis),  the  external  influences,  as  well  as  possible 
toxic  conditions  of  the  blood.  We  have  already  alluded  to  the 
fact  that  the  changes  in  the  intima  do  not  appear  to  be  responsible 
for  the  thrombosis.  According  to  Lubarsch,  in  his  very  recent 
summary  of  the  literature  on  thrombosis,  we  must  regard  the  changes 
in  the  intima  as  playing  but  a  subsidiary  role  in  this  process,  for  up 
to  the  present  time  it  has  not  been  clearly  demonstrated  that 
the  endothelium  contains  any  substance  that  can  inhibit  coagulation, 
nor  has  it  been  proved  conclusively  by  animal  experimentation  that 
lesion  of  the  intima  alone  suflSces  for  the  production  of  clot.  Then, 
again,  it  is  a  common  occurrence  to  find  extensive  ulcerations  and 
even  calcareous  plaques  without  the  formation  of  thrombi.  Even 
more  significant  is  the  fact  that  in  arteriosclerosis  the  most  extensive 
changes  in  the  walls  do  not  correspond  to  the  site  of  thrombus 
formation. 

In  the  vessels  under  consideration  this  independence  of  arterio- 
sclerotic thickening  and  obliterating  thrombosis  is  well  illustrated, 
for  in  no  place  were  we  able  to  refer  the  origin  of  a  clot  to  the  presence 
of  a  thickened  or  diseased  intima.  Indeed,  the  popliteal,  which  is 
apt  to  show  the  most  marked  arteriosclerotic  change,  is  frequently 
free  and  patent.  It  becomes  occluded  only  when  the  process  has 
extended  upward  from  its  branches.  Further,  we  frequently  find 
complete  occlusion  of  the  vessels  whose  walls  are  practically  normal, 
and  above  and  below  such  points  the  intima  of  the  patent  vessel 
may  show  a  fair  amount  of  arteriosclerosis.  The  white,  parietal 
thrombi,  which  von  Manteuffel  claims  to  have  seen  adherent  to 
arteriosclerotic  patches,  were  never  met  with  in  the  very  great  number 
of  sections  which  we  studied.  On  the  other  hand,  it  would  appear 
that  some  of  the  thickening  of  the  intima  could  be  attributed  to  the 
process  of  organization  of  the  thrombi,  and  we  believe  it  to  be,  in 
a  measure,  secondary  to  that  process. 

It  is  not  my  purpose  to  enter  deeply  into  a  discussion  of  all  the 
factors  that  may  be  responsible  for  the  thrombosis,  for  my  studies 
on  this  particular  phase  of  the  subject  are  still  incomplete.  It  is 
of  considerable  importance  to  determine  what  role  syphilis  may 
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play  in  the  production  of  the  lesions.  A  history  of  this  disease  was 
not  obtainable  in  a  single  case,  and  thus  far  I  have  been  unable  to 
demonstrate  the  spirocheta  pallida  in  any  of  the  sections/  How- 
ever, the  peri-arteritis  is  rather  suggestive  and  requires  further  in- 
vestigation. In  a  number  of  the  cases  cultures  were  made  particu- 
larly from  those  portions  of  the  vessels  which  showed  the  most  active 
changes  and  also  from  the  hard  sclerotic  occluded  portions,  with 
negative  results  in  every  instance.  It  would  seem,  therefore,  that 
at  least  the  pathogenic  bacteria  are  not  present. 

If  we  take  a  broad  view  of  the  pathological  lesions,  we  see  that  we 
are  dealing,  in  main,  with  the  results  of  a  healed  process,  namely, 
with  vessels  obliterated  by  dense  connective  tissue  which  has  become 
canalized.  In  such  vessels  the  thrombotic  changes  have  disappeared, 
the  cellular  infiltration  and  vascularization  of  the  media  have  dimm- 
ished  in  intensity,  leaving  but  a  few  capillaries  behind,  and  the 
adventitia  and  peri-arterial  tissues  are  either  slightly  thickened  or 
converted  into  dense  connective  tissue.  Besides  this,  however, 
there  is  the  active  process,  that  in  which  the  thrombosis  is  recent. 
This  is  apparently  of  two  varieties.  In  one  of  these  the  vessels 
are  filled  with  blood  clot  over  a  large  portion  of  their  extent,  and 
there  is  active  organization  accompanied  by  that  very  slight  cellular 
infiltration  and  capillary  invasion  of  the  media  which  make  for  the 
vascularization  of  the  clot.  The  changes  in  the  media  terminate 
before  the  end  of  the  clot  is  reached,  so  that  some  of  the  thrombus 
lies  in  apparently  healthy  vessel.  Here  we  gain  the  impression  that 
all  the  lesions  are  dependent  upon  the  thrombus  formation,  and  are 
present  for  the  purposes  of  organization.  In  the  second  variety, 
however,  the  same  thrombosis  is  accompanied  by  more  intense 
infiltration  of  the  media  and  more  active  peri-arteritis.  In  such 
places  it  would  appear  that  the  same  determining  cause  which  leads 
to  the  thrombosis  also  evokes  the  changes  in  the  media,  adventitia, 
and  perivascular  connective  tissue. 

We  must  not  forget  the  influence  of  static  factors.  Indeed,  the 
slowing  of  the  circulation  alone  is  a  very  important  agent  in  the 
production  of  thrombosis,  and  it  is  rather  significant  that  we  so 
often  encounter  this  disease  in  the  lower  extremities,  and  that  m  all 

The  final  results  of  this  investigation  will  bs  reported  on  at  a  later  date. 
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but  one  of  our  cases  tlie  disease  began  on  the  left  side,  where  venous 
stasis  is  more  marked.  Doubtless,  then,  a  number  of  agents  are 
at  work  in  the  production  of  the  occlusion.  Whatever  may  be 
the  cause  of  the  thrombosis,  we  feel  inclined  to  take  the  view  that 
although  the  mechanical  conditions  that  obtain  in  the  lower  extrem- 
ities and  the  arteriosclerotic  changes  may  be  factors,  some  additional 
agent,  be  it  toxic  or  otherwise,  is  at  the  same  time  responsible  for 
the  production  of  the  peri-arteritis  and  thrombosis. 

Viewmg  the  process  from  the  standpoint  of  the  pathological 
lesions,  and  considering  certain  facts  obtained  by  clinical  observa- 
tion, it  would  seem  most  plausible  to  assume  that  certain  territories, 
of  either  the  arteries  or  the  veins,  become  rather  suddenly  throm- 
bosed, in  a  fashion  similar  to  the  thrombotic  process  that  occurs 
in  the  superficial  veins  of  the  lower  extremities.  Thus,  at  one  time 
the  dorsalis  hallucis  and  dorsalis  pedis,  or,  perhaps,  plantar  arteries 
or  veins,  could  become  closed  by  red  clot,  and  then  the  process  of 
organization  would  take  place.  Perhaps  after  an  interval  of  weeks 
or  months  a  similar  process  would  cause  extension  upward,  or  affect 
other  arteries  and  veins  until,  after  a  lapse  of  many  months  or  a 
year  or  more,  practically  all  the  larger  vessels  would  become  occluded. 
It  is  from  a  study  of  the  age  of  the  process  in  the  various  territories 
that  we  are  led  to  this  supposition.  Here,  too,  as  in  the  superficial 
thromboses,  there  is  more  tendency  for  the  larger  vessels  to  be  in- 
volved than  for  the  very  fine  ones,  and  although  the  process  seems  to 
ascend,  it  probably  does  not  originate  in  the  capillaries  or  smallest 
arterioles,  but  begins  in  branches  of  moderate  size.  The  attendant 
peri-arteritis  could  be  regarded  as  being  either  secondary  or,  pos- 
sibly, as  being  produced  by  the  same  causes  that  lead  to  the  tiirom- 
bosis.  Certain  it  is  that  the  peri-arteritis  is  intimately  linked  with 
the  presence  of  occluding  masses. 

Taking  the  true  nature  of  the  lesion  into  consideration,  I  would 
suggest  that  the  names  ^'endarteritis  obliterans"  and  "arteriosclerotic 
gangrene"  be  discarded  in  this  connection,  and  that  we  adopt  the 
terms  "obliterating  thromho-angeitis"  of  the  lower  extremities  when 
we  wish  to  speak  of  the  disease  under  discussion. 

I  wish  to  express  my  indebtedness  to  Dr.  F.  S.  Mandlebaum, 
director  of  the  pathological  department    of  the  Mt.  Sinai  Hospital, 
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for  the  preparation  of  the  photomicrographs  which  I  have  sho\m  to 
elucidate  certain  points  in  my  paper;  I  wish  to  thank  Drs.  LiUen- 
thal,  Gerster,  and  Sachs  for  giving  me  the  opportunity  of  studying 
their  cases,  and  to  acknowledge  with  pleasure  the  valuable  assist- 
ance rendered  me  by  ^liss  Adele  Oppenheimer  and  Dr.  Mark  Cohn, 
volunteer  assistants  in  the  Pathological  Laboratory  of  the  INIt.  Sinai 
Hospital. 

Addendum.  Since  the  writing  of  this  paper  I  have  examhied 
the  vessels  of  three  additional  cases  of  this  disease,  and  have  found 
still  further  corroboration  of  what  has  been  said.  In  one  of  the 
extremities  a  little  more  than  one-third  of  the  anterior  tibial  was 
occluded  by  fairly  red,  recent  thrombotic  masses;  the  uppermost 
portion  of  the  vessel  was  patent,  the  distal  end  as  well  as  the  dorsalis 
pedis  and  hallucis  being  occluded  by  old,  canalized,  connective 
tissue.  In  my  last  case  the  occlusion  was  old  in  all  of  the  distal 
parts  of  the  arteries,  recent  in  the  upper  part  of  the  posterior  and 
popliteal  arteries.  The  thrombotic  process  terminated  abruptly  at 
about  the  middle  of  the  popliteal,  and  could  also  be  traced  into  the 
origin  of  the  anterior  tibial  where  its  rounded  organized  end  was 
found  lying  1  cm.  below  the  foramen  in  the  interosseous  membrane. 
The  upper  end  of  the  occludmg  tissue  that  had  ascended  from  the 
dorsalis  hallucis  was  situated  two  inches  above  the  ankle-joint,  the 
intervening  portion  of  the  anterior  tibial  artery  being  patent. 


THE  RELATIONS  EXISTING  BETWEEN  BILIRUBINEMIA, 
UROBILINURIA,  AND  UROBILINEMIA. 

By  lewis  a.  CONNER,  M.D., 

NEW    YORK    CITY, 
AND 

JOSEPH  C.  ROPER,*  M.D., 

NEW    YORK    CITY. 

(From  the  Medical  Service  of  the  New  York  Hospital.) 


I. — THE    QUANTITATIVE   DETERMINATION    OF    BILIRUBIN  IN 
BLOOD    SERUM. 

When  one  con.siders  the  frequency  of  jaundice  as  a  clinical  mani- 
festation and  its  importance  as  a  diagnostic  sign  in  various  diseases, 
it  is  somewhat  surprising  that  its  detection  and  measurement  should 
so  long  have  escaped  the  refinements  which  come  from  the  applica- 
tion of  accurate  laboratory  methods. 

It  is  the  every-day  experience  that  both  of  the  usual  means  of 
recognizing  the  presence  of  bile  pigment  in  the  blood — the  visible 
pigmentation  of  the  skin  and  mucous  membranes  and  the  reaction 
for  bilirubin  in  the  urine — are  crude  and  often  unsatisfactory.  In  the 
lesser  grades  of  cholemia  the  urine  does  not  react  for  bile  pigment, 
and  the  appearance  of  the  skin  and  membranes  is  often  such  as  to 
leave  one  wholly  in  doubt  as  to  whether  or  not  a  jaundice  really 
exists. 

The  examination  of  the  blood  itself — the  method  that  would  seem 
to  be  the  most  direct  and  reliable — has  failed  thus  far  to  come  into 
anything  like  general  use. 

A  number  of  tests  for  bilirubin  in  blood  serum  have,  however, 
been  devised  and  used.  The  simpler  of  these,  such  as  the  methods 
of  HameP  and  Posselt,^  depend  upon  a  comparison  of  the  color  of 
the  serum,  and  are  crude  and  not  entirely  trustworthy.    Of  the  several 

Not  a  member. 
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qualitative  chemical  tests,  the  modification  by  Syllaba  of  Gerhardt's 
procedure  is  perhaps  the  best.*  Until  recently  no  satisfactory 
quantitative  test  for  bilirubin  in  the  blood  was  available.  In  1903, 
however,  Gilbert^  antl  his  pupils  developed  a  method  of  measuring 
the  bilirubin  content  of  blood  serum  which  is  simple  enough  for  use 
in  the  clinical  laboratory,  and  seemed  to  them  to  give  reasonably 
accurate  results.  The  method  consists  in  an  adaptation  of  the 
familiar  Gmelin  test  to  fluids  rich  in  albumin,  and  a  standardization 
of  it  so  that  it  can  be  used  as  a  quantitative  test. 

In  such  albuminous  media  the  complete  Gmelin  reaction,  i.  e., 
the  characteristic  play  of  colors,  occurs  only  when  bilirubin  is  present 
in  relatively  strong  concentrations,  e.  g.,  between  1  to  3000  and  1  to 
5000.  In  strengths  of  from  1  to  7000  to  1  to  11,000  the  reaction 
appears  as  a  distinct  blue-green  ring,  but  without  the  color  play 
("Hayem's  reaction").  In  weaker  solutions  of  bilirubin  the  blue 
ring  at  the  point  of  contact  becomes  finer  and  has  a  violet  rather  than 
a  green  reflection,  but  remains  distinct  up  to  a  dilution  of  about  1  to 
40,000,  beyond  which  point  it  ceases  to  appear. 

Working  with  known  strengths  of  pure  bilirubin,  Gilbert,  Herscher, 
and  Posternak^  have  found  the  limit  of  this  reaction — the  point 
beyond  w4iich  no  distinct  blue  ring  is  to  be  seen — to  represent  con- 
stantly a  dilution  of  approximately  1  to  40,000.  Furthermore,  they 
believe  that  they  have  proved  that  this  blue  ring  is  characteristic 
of  bilirubin  and  is  not  produced  by  any  other  substances  in  the  blood, 
such  as  albumin,  hemoglobin,  indican,  or  lutein.  It  is  upon  this 
assumption  that  the  limit  of  the  Gmelin  reaction  in  the  blood 
represents  a  definite  strength  of  bilirubin  that  they  have  based 
their  method  of  measuring  the  bilirubin  content  of  blood  serum. 

The  details  of  the  method  ("Cholemimetrie")  are  as  follows: 

A  series  of  known  dilutions  of  the  blood  serum  to  be  tested  are 
made  in  tubes  of  standard  size,  underlaying  the  fluid  in  each  tube 
with  fuming  nitric  acid  and  noting  the  tube  in  which  only  a  faint 
blue  ring  is  visible  at  the  end  of  a  certain  period.  The  bilirubin  con- 
centration in  this  tube  is  then  assumed  to  be  1  to  40,000,  and  the 
degree  dilution  being  known,  it  is  easy  to  calculate  the  bilirubin 
concentration  in  the  undiluted  blood  serum. 

*  The  test  recently  recommended  by  Biffi  (Folia  heniatologica,  1906,  ii,  No.  4)  we  have  not 
used. 
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The  apparatus  required  is:  (1)  Eight  or  ten  flat-hottomed  cyHn- 
drical  glass  tubes  4  or  5  cm.  long  and  witli  an  inside  diameter  of  1 
cm.  (It  is  convenient  to  have  a  block  of  wood  or  a  frame  into  which 
these  tubes  can  be  set  in  a  row.)  (2)  Three  pipettes:  (a)  One 
holding  1.5  c.c.  and  graduated  accurately  to  ^ir  ^•^•'  ^^^  measuring 
the  blood  serum.  (6)  One  holding  2  c.c,  and  graduated  to  j  c.c, 
for  measuring  the  diluting  fluid  ("artificial  serum"),  (c)  One  with 
a  tapering  point,  to  measure  approximately  J  c.c.  of  the  nitric  acid 
reagent. 

The  reagents  required  are:  (1)  The  artificial  serum.  The  whites 
of  several  eggs  are  added  to  an  equal  volume  of  0.7  per  cent,  sodium 
chloride  solution,  thoroughly  mixed,  and  allowed  to  stand  on  ice 
for  twenty-four  hours.  The  liquid  is  then  decanted,  and  to  it  is 
added  caustic  soda  in  the  proportion  of  0.5  gram  to  100  c.c.  It  is 
then  allowed  to  stand  three  or  four  days  before  using,  during  which 
time  a  precipitate  forms  which  includes  the  coloring  matters  of  the 
egg-white.  When  used  the  liquid  should  be  perfectly  colorless  in  the 
thickness  of  1  cm.  This  artificial  serum  in  its  fluidity,  albumin  con- 
tent, and  alkalinity  approximates  blood  serum.  It  should  be  kept 
cool  and  should  be  freshly  made  at  least  every  month.  (2)  The 
nitric  acid  reagent.  Pure  HXO3,  200  c.c;  distilled  water,  100 
c.c;  sodium  nitrite,  0.06  gram.  The  bottle  must  be  kept  carefully 
stoppered. 

Technique.  Distribute  in  each  of,  say,  six  glass  tubes,  with  the 
pipette  B,  exactly  0.5  c.c.  of  artificial  serum;  then  add,  with  pipette 
A,  increasing  amounts  of  blood  serum  (e.  g.,  ^^  c.c  in  first  tube, 
-j-^  in  second  tube,  ^  in  third,  2^^^  in  fourth,  ^^  in  fifth,  and  ^  in 
the  sixth  tube),  and  mix  by  shaking.  Underlay  the  fluid  in  each 
tube  with  I  c.c.  of  the  acid  reagent  with  the  pipette  C.  After  stand- 
ing for  thirty  minutes  the  tubes  are  then  examined.  For  this  good 
daylight  (not  direct  sunlight)  is  needed.  The  examiner's  back 
should  be  to  the  light,  the  eyes  should  be  somewhat  above  or  below 
the  tubes  rather  than  on  a  level  with  them,  and  the  tubes  should 
be  held  against  a  white  background.  If  the  blood  serum  contain 
sufficient  bilirubin,  in  some  of  the  tubes  at  the  line  of  contact  between 
the  acid  and  the  serum  will  be  seen  a  clear  blue  ring,  the  ring  being 
more  pronounced  in  the  tubes  containing  the  larger  amounts  of  blood 
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serum.  The  tube  in  which  the  first  faint  but  distinct  blue  ring  is 
seen  is,  therefore,  assumed  to  contain  bihrubin  in  the  dihition  of  1 
to  40,000.  The  strength  of  bihrubin  in  the  initial  blood  serum  can 
then  be  readily  obtained  by  the  following  formula : 

10  +  a  y^  represents  the  fraction  -^\^-^. 

a  a=  the  number  of  ^V  ^•^-  of  serum  added. 

Example:  If  the  ring  is  first  seen  in  the  tube  to  which  -^  c.c.  of 

blood  serum  has  been  added,  then  a  =5  and  x  =  — - —  y  =  ^-q^-q-q 
L_  ^ 

The  blood  serum,  therefore,  contains  bilirubin  in  the  ratio  of  about 
1  to  13,300. 

If  f  ^  c.c.  of  blood  serum  are  needed  to  show  the  ring,  then  a  =  30 
and  the  bilirubin  content  will  be  1  to  30,000.  If  f  ^  c.c.  are  required, 
the  bilirubin  content  will  be  1  to  34,300. 

In  this  case  it  will  be  found  convenient  to  use  only  f^  c.c.  of  the 
blood  serum,  and  to  add  it  to  j  (instead  of  ^)  c.c.  of  the  artificial  serum. 
The  resulting  mixture  will  be  the  same  and  a  will  still  equal  60.  On 
the  other  hand,  if  bile  pigment  is  present  in  large  amount  and  the 
tube  containing  ^V  ^•^-  of  blood  serum  gives  too  strong  a  reaction,  it 
will  be  necessary  to  mix  ^o  c-c.  of  blood  serum  with  1  (instead  of  h) 
or  even  2  c.c.  of  artificial  serum;  a  then  =^  or  j  and  the  bilirubin 
content  will  be  respectively  1  to  1900  or  1  to  975.  If  undiluted  blood 
serum  is  needed  to  give  the  faint  blue  ring,  the  bilirubin  content  will, 
of  course,  represent  a  dilution  of  1  to  40,000.  If  bile  pigment  is  pres- 
ent in  smaller  amounts  than  this,  no  blue  line  can  be  detected. 

In  case  the  blood  serum  to  be  tested  is  of  pale  color,  or  is  believed 
to  contain  only  a  small  amount  of  bilirubin,  instead  of  beginning 
the  series  with  yV  c-c.  of  the  serum  it  is  well  to  begin  with  a  consider- 
ably larger  quantity  and  to  increase  the  amount  rapidly;  e.  g.,  in 
first  tube,  |-f  c.c;  in  second,  ^f;  in  third,  f^;  in  fourth,  ff;  in 
fifth,  f^;  in  sixth,  f^.  A  little  experience  will  enable  one  to  select 
the  dilutions  so  that  the  end  reaction  shall  usually  fall  somewhere 
within  the  series.  If  it  does  not,  other  tubes  must  be  prepared,  for 
it  is  necessary  to  have  at  least  one  tube  in  which  no  blue  line  can  be 
seen.    It  is  important  that  the  examination  be  made  just  half  an  hour 
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after  the  tubes  have  been  prepared,  as  the  reaction  tends  to  become 
stronger  upon  standing,  and  tubes  which  fail  to  give  a  reaction  within 
the  specified  time  may  do  so  after  an  hour  or  two. 

Using  this  method,  Gilbert  and  his  pupils  have  established  the 
average  bilirubin  content  of  the  blood  in  a  large  series  of  normal 
individuals  and  in  a  number  of  conditions  associated  with  more  or 
less  distinct  jaundice,  such  as  simple  family  cholemia,  cholelithiasis, 
pneumonia,  chronic  interstitial  nephritis,  advanced  heart  disease, 
alcoholic  and  biliary  cirrhosis,  icterus  gravis,  etc.*  Since  the  blue 
ring  is  found  to  occur  regularly  in  the  undiluted  serum  of  normal 
persons,  Gilbert  and  Herscher  are  led  to  the  belief  that  normal  human 
blood  serum  contains  a  minute  quantity  of  bilirubin,  such  as  is 
known  to  be  present  normally  in  the  blood  of  certain  of  the  lower 
animals.  They  found  this  physiological  cholemia  to  correspond  to 
a  bilirubin  strength  which  varies  between  1  to  28,000  and  1  to 
40,000,  with  an  average  of  1  to  36,500. 

Our  own  experience  with  this  method  of  measuring  the  bilirubin 
content  of  blood  serum  covers  a  period  of  fifteen  months  and  includes 
upward  of  160  examinations  made  upon  some  120  cases.  The  list 
of  cases  examined  includes  normal  individuals,  many  pneumonias, 
nephritis,  typhoid  fever,  heart  cases,  cancer,  tuberculosis,  appendi- 
citis, rheumatism,  and  a  great  variety  of  affections  of  the  liver  and 
bile  passages.  In  general,  our  own  results,  which  were  constantly 
controlled  by  other,  qualitative,  tests,  correspond  closely  with  those 
of  Gilbert  and  his  followers. 

We  have  found  it  advisable,  however,  to  make  two  slight  modi- 
fications of  the  method  as  above  described.  (1)  In  making  the  arti- 
ficial serum  when  NaOH  is  added  in  the  strength  prescribed  (0.5 
per  cent.),  it  is  frequently  impossible  to  prevent  the  egg  albumin 
from  forming  a  jelly-like  mass.  This  we  have  been  able  to  avoid  by 
reducing  the  strength  of  the  NaOH  to  0.3  per  cent.  (2)  We  have 
found  that  a  much  sharper  and  clearer  line  of  contact  between 
the  acid  and  the  serum  can  be  obtained  by  first  putting  the  acid 
reagent  in  the  tube  and  then  overlaying  this  with  the  mixed  serum. 
This  procedure  requires  the  mixing  of  the  artificial  and  the  blood 

*  See  numerous  publications  in  Comptes  Rendus  de  la  Soc.  de  Biologie,  Paris,  during  the 
years  1903,  1904,  and  1905. 
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serum  before  they  are  placed  in  the  tubes,  and  therefore  takes  a 
little  more  time,  but  it  increases  materially  the  distinctness  of  the 
reaction. 

We  have  found  that  one  quickly  acquires  facility  in  recognizing 
the  end  reaction,  and  have  been  surprised  to  see  how  closely  the  inde- 
pendent readings  of  the  same  tests  by  different  persons  agree.  The 
test  is  open  to  the  objections  inherent  in  all  quantitative  tests  which 
depend  upon  fine  distinctions  of  color,  and  the  figures  cannot,  of 
course,  be  looked  upon  as  other  than  approximate.  In  control  tests, 
with  solutions  of  pure  bilirubin,  we  have  found,  however,  that  the 
limit  of  the  reaction  corresponds  quite  uniformly  with  a  dilution  of 
about  1  to  40,000  when  read  at  the  end  of  half  an  hour,  and  that  a 
distinction  between  such  dilutions  as,  say,  1  to  32,000  and  1  to  35,000 
can  be  made  without  difficulty.  In  the  application  of  the  test  one 
possible  source  of  error  has  been  encountered.  In  the  very  few  cases 
in  which  we  could  demonstrate  a  considerable  amount  of  urobilin  in 
the  blood  (but  no  bilirubin)  this  test  gave  a  peculiar  smoky  purplish 
color  at  the  point  of  contact,  which  by  careful  inspection,  however, 
was  readily  distinguishable  from  the  blue  ring  of  bilirubin. 

We  have  found,  with  Gilbert  and  Herscher,  that  a  faint  blue  ring 
is  present  usually  in  undiluted  normal  blood  serum,  and  that  it  is 
indistinguishable  from  that  obtained  in  control  tests  with  very  weak 
bilirubin  solutions.  We  are,  therefore,  inclined  to  agree  with  these 
writers  that  the  blood  normally  contains  a  minute  quantity  of  bili- 
rubin although  we  have  not  yet  obtained  other  positive  proof  of  this 
fact. 

The  test,  we  believe,  is  of  distinct  clinical  value.  Slight  grades  of 
jaundice  and  fluctuations  in  jaundice,  which  are  quite  imperceptible 
to  the  eye,  are  readily  detected  and  measured.  We  have  several 
times  seen  it  of  service  as  an  aid  in  distinguishing  between  appendi- 
citis and  cholecystitis.  In  the  differentiation  of  gallstone  attacks 
from  gastric  or  renal  affections  it  seems  likely  to  be  of  help,  although 
we  have  as  yet  had  no  opportunity  to  try  it. 

The  time  required  for  making  the  test  is  not  great,  and  the  chief 
obstacle  to  its  general  use  is  the  difficulty  of  obtaining  a  sufficient 
quantity  of  blood.  This  difficulty,  however,  we  have  found  to  be 
much  less  than  might  be  supposed,  and  in  hospital  practice,  at  least. 
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the  blood  can  be  obtained  with  very  httle  trouble.    The  method  used 
by  us  is  as  follows: 

After  tlie  upper  arm  has  been  bound  so  as  to  obstruct  the  venous 
return  and  the  skin  about  the  front  of  the  elbow  has  been  made 
aseptic,  a  sterile  aspirating  needle  of  medium  size  is  thrust  through  the 
skin  over  the  median  cephalic  or  basilic  vein,  and  then  with  a  second 

,  slight  thrust  is  made  to  penetrate  the  vein.  From  15  to  30  c.c.  of  blood 
is  allowed  to  flow  directly  into  a  clean,  large  test-tube,  and  then  the 
arm  ligature  is  removed  before  the  needle  is  withdrawn.    If  the  needle 

,  is  bright  and  smooth  and  the  procedure  is  done  briskly,  the  blood  will 
usually  flow  freely  and  there  will  be  no  clotting  in  the  needle.  The 
tube  of  blood  is  allowed  to  clot  in  the  open  air  and  is  then  placed  on 
ice  to  permit  the  serum  to  separate.  This  separation  may  be  has- 
tened somewhat  by  placing  the  tube  for  a  short  time  in  a  thermostat. 
The  yield  of  clear  serum  is  usually  40  to  50  per  cent,  of  the  volume  of 
whole  blood. 


II. — THE   RELATION    OF   UROBILINURIA   TO    BILRUBIXEMIA. 

In  connection  with  their  studies  of  the  bilirubin  content  of  the  blood 
serum  in  various  diseases  by  the  method  just  described,  Gilbert  and 
Herscher^  investirated  the  condition  of  the  urine  with  regard  to 
urobilin.  They  found  that  in  all  cases  in  which  the  urine  contained 
pathological  amounts  of  urobilin,  or  its  precursor  urobilinogen,  the 
blood  regularly  showed  a  pathological  amount  of  bilirubin.  They 
were  not  able,  however,  to  demonstrate  urobilin  in  the  blood  even 
when  it  was  present  in  the  urine  in  very  large  quantity.  The  constant 
relation  between  bilirubinemia  and  urobilinuria,  the  absence  of 
urobilin  from  the  blood,  and  the  results  of  certain  experimental  work 
led  them  to  believe  that  the  urobilin  which  appeared  in  the  urine 
was  not  simply  the  result  of  the  excretion  by  the  kidneys  of  urobilin 
carried  to  them  by  the  blood,  but  was  actually  produced  in  the 
kidneys  themselves  by  a  process  of  reduction  from  the  bilirubin  of 
the  blood,  and  that  urobilinuria  was,  therefore,  only  the  index  of  a 
cholemia. 

This  theory  of  the  renal  origin  of  the  urinary  urobilin  had  been 
suggested  by  von  Leube''  many  years  before  as  a  result  of  his  findings 
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in  a  case  of  jaundice  in  which  the  urine  showed  only  urobiUn,  whereas, 
the  sweat,  obtained  by  pilocarpine  injections,  contained  only  bili- 
rubin. Von  Jaksch^  also  was  inclined  to  accept  this  view  of  the  origin 
of  urobilinuria,  as  were  certain  Italian  investigators  (Patella  and 
Acorimboni,^  ^lya®) . 

Ever  since  the  discovery  of  urobilin  by  Jaffe^"  (1868)  much  uncer- 
tainty and  much  difference  of  opinion  have  existed  concerning  both 
its  origin  and  its  clinical  significance.  It  is  known  to  occur  in  the  urine 
in  a  great  variety  of  pathological  conditions*  and  to  be  present, 
often,  in  small  amount  in  normal  urine  which  has  stood  for  some 
hours  in  the  light.  In  freshly  passed  normal  urine,  however,  urobilin 
itself  is  not  found  (Saillet").  There  has  been  much  discussion  also 
over  the  relationship  between  the  urobilin  of  the  urine,  the  sterco- 
bilin  of  the  feces,  and  a  body  having  the  same  characteristics  which 
Maly  obtained  by  the  reduction  of  bilirubin  and  named  hydrobili- 
rubin.  Although  complete  agreement  is  still  lacking,  the  weight 
of  evidence  is  strongly  in  favor  of  the  identity  of  these  three  sub- 
stances. The  attempt  also  of  Mac]Munn,^"  JoUes,^^  and  others  to 
distinguish  between  "physiological"  and  "pathological"  urobilin, 
chiefly  upon  the  ground  of  slight  spectroscopic  differences,  seems  to 
be  without  justification  (Garrod  and  Hopkins,"  Hildebrandt,^^ 
Huber^*^). 

It  was  earlv  noticed  that  manv  urines  which  were  light  colored 
when  passed  and  gave  no  reaction  for  urobilin,  would,  after  standing 
a  few  hours  in  the  light,  grow  darker  in  color  and  present  the  char- 
acteristic reactions  of  urobilin.  The  conclusion  was  natural  that 
such  urines  must  contain  some  colorless  chromogen  which,  by  the 
action  of  light,  was  gradually  converted  into  urobilin.  Such  a 
colorless  body  (urobilinogen),  which,  when  acted  upon  by  sunlight, 
was  convertible  into  urobilin,  was  produced  by  Hoppe-Seyler"  by 
the  strong  reduction  of  hemoglobin,  and  by  Disque^^  by  a  similar 
reduction  of  bilirubin.  The  change  of  urobilinogen  into  urobilin 
was  shown  by  Disque  to  be  a  process  of  oxidation.  Further  valuable 
information  concerning  the  chemical  nature  of  urobilinogen  was 
furnished  by  Nencki  and    Zaleski/®  who  were  able  to  produce  it 

*  For  details  of  the  clinical  aspects  of  urobilinuria,  see  article  of  Hildebrandt. 
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from  hematin.     They  found  that  it  had  the  formula  C^Hj3N  and 
gave  the  pyrrol  reaction,  and  they  named  it,  therefore,  hemopyrrol. 

Further  evidence  of  the  pyrrol  nature  of  urobilinogen  has  recently 
been  supplied  by  Neubauer.^"  Moreover,  it  has  been  shown  by 
various  investigators  that  urobilinogen  occurs  in  the  urine,  feces,  and 
bile  under  the  same  conditions  as,  and  usually  in  association  with, 
urobilin. 

Since  there  is  now  general  agreement  that  urobilinogen  is  simply 
a  precursor  of  urobilin,  and  has  the  same  source  and  the  same  sig- 
nificance, we  shall,  for  the  sake  of  convenience,  in  what  follows  use 
the  term  urobilin  to  include  both  urobilin  proper  and  urobilinogen, 
unless  it  is  made  evident  from  the  context  that  the  term  is  used  in  its 
more  restricted  sense. 

The  renal  theory  of  the  origin  of  urobilinuria,  so  vigorously  advo- 
cated by  Gilbert  and  Herscher,  while  attractive  and  plausible,  is  yet 
so  contrary  to  the  generally  accepted  views  that  it  has  seemed  to  the 
writers  desirable  to  verify,  if  possible,  the  assertions  of  these  investi- 
gators that  urobilinuria  occurs  only  when  an  abnormal  quantity  of 
bilirubin  is  present  in  the  blood,  and  that,  even  when  urobilin  is 
abundant  in  the  urine,  it  cannot  be  found  in  the  circulation.  More- 
over, it  w^as  desirable  to  know  if  anything  like  a  quantitative  relation- 
ship could  be  established  between  the  urobilin  in  the  urine  and  the 
bilirubin  in  the  blood,  as  one  might  reasonably  expect  if  the  former 
were  merely  the  result  of  the  latter. 

With  these  objects  in  view,  we  have,  in  most  of  the  cases  in  which 
the  bilirubin  content  of  the  blood  was  determined,  examined  the 
urine  simultaneously  for  urobilin.  In  many  of  the  cases  also  urobilin 
has  been  sought  for  in  the  blood. 

Before  giving  the  results  of  these  investigations  it  is  necessary  to 
describe  in  some  detail  the  methods  employed,  since  the  conflicting 
results  of  different  writers,  especially  those  relating  to  the  demon- 
stration of  urobilin  in  the  blood,  seem  to  be  due  in  large  part  to  dif- 
ferences in  method  and  technique. 

For  the  demonstration  of  bilirubin  and  urobilin  in  blood  serum 
we  have  relied  chiefly  on  Hedenius'  and  Syllaba's  methods,  the  latter 
slightly  modified. 

Hedenius'  method  :^^  This  consists  in  the  precipitation  of  from  1  to 
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3  c.c.  of  serum  with  two  volumes  of  95  per  cent,  alcohol,  aciclification 
with  5  drops  of  10  per  cent.  HCl,  and  filtering,  after  having  heated 
twice  to  boiling.  Filtrate  and  sometimes  precipitate  are  green  in 
the  presence  of  bilirubin. 

Syllaba's  modification  of  D.  Gerhardt's  method:'-  "About  5 
c.c.  of  serum  is  doubly  diluted  with  water  and  coagulated  with  the 
addition  of  sodium  sulphate  and  acidification  with  acetic  acid.  The 
bilirubin  will  be  completely  carried  down  by  the  coagulated  albumin, 
while  the  urobilin  will  remain  in  solution.  Filter.  In  order  to  make 
sure  that  coagulation  is  complete  the  filtrate  is  boiled.  If  there  is  no 
urobilin  present,  the  filtrate  is  clear,  colorless,  and  spectroscopically 
free  from  the  absorption  band.  If  urobilin  is  present,  the  filtrate  is 
reddish  colored  and  shows  spectroscopically  a  fine  stripe  between  C 
and  F.  The  precipitate  collected  on  the  filter  paper  is  white  in  the 
absence  of  bilirubin,  but  is  of  a  pale  yellow  color  if  it  is  present.  The 
precipitate  is  then  washed  with  hot  water,  boiled  with  alcohol  acidi- 
fied with  sulphuric  acid,  and  filtered.  In  the  presence  of  bilirubin 
the  alcohol  is  colored  a  bright  green  and  the  precipitate  on  the  filter 
paper  is  also  green.  In  the  absence  of  bilirubin  the  alcohol  is  color- 
less and  the  precipitate  is  white." 

In  working  with  Syllaba's  method  we  found  that,  frequently,  some 
of  the  urobilin  was  carried  down  with  the  precipitated  albumin  and 
only  appeared  in  the  filtrate  obtained  after  precipitate  had  been 
boiled  w'ith  acid  alcohol.  On  this  account  we  slightly  modified 
Syllaba's  procedure  as  follows:  5  c.c.  clear  serum,  diluted  with  10 
c.c.  distilled  water,  was  coagulated  by  short  heating  in  water  bath 
after  the  addition  of  about  0.5  gram  powdered  sodium  sulphate  and 
1  c.c.  of  5  per  cent,  acetic  acid.  The  filtrate  from  this  was  either 
practically  colorless  or  faintly  yellow  or  faintly  pink.  The  color  of 
filtrate  we  found  could  not  always  be  taken  as  an  index  of  the  pres- 
ence or  absence  of  urobilin,  and  all  filtrates  must  be  carefully  exam- 
ined spectroscopically,  after  the  addition  of  two  or  three  drops  of 
Lugol's  solution.  ^^  e  employed  a  large  spectroscope  and  absorption 
cells  from  1  to  4  cm.  in  depth.  (A  small  pocket  spectroscope  gives 
fairly  satisfactory  results  if  filtrates  are  clear.)  After  neutralization, 
filtrate  was  tested  with  Schlesinger's  zinc  acetate  solution  for  con- 
firmatory fluorescence.     This   was   allowed   to  stand  twenty-four 


232  BILIRUBINEMIA,    UROBILINURIA,    AND    UROBILINEMIA 

hours  before  being  pronounced  negative.  The  precipitate,  usually 
very  faintly  yellow  or  white,  was  boiled  in  water  bath  a  few  minutes 
with  20  to  30  c.c.  of  5  per  cent,  acid  alcohol  (HCl,  5;  95  per  cent, 
alcohol,  95).  The  filtrate  from  this  was  sometimes  colorless,  some- 
times green,  sometimes  yellowish  pink.  The  colorless  filtrates 
contained  neither  urobilin  nor  bilirubin.  The  green  filtrates  con- 
tained bilirubin  and,  on  spectroscopic  examination,  occasionally 
showed  a  band  of  urobilin.  The  pink  filtrates  contained  only  uro- 
bilin. Syllaba  does  not  mention  the  possibility  of  obtaining  a  pink 
acid  alcohol  filtrate,  so  it  is  probable  that  he  had  no  opportunity 
to  work  with  sera  containing  as  large  quantities  of  urobilin  as  those 
we  encountered. 

The  confirmatory  green  fluorescence  may  readily  be  obtained, 
after  neutralization,  in  the  pink  filtrates,  but  is  not  so  satisfactory  in 
the  green  filtrates,  as  biliverdin  will  give  a  confusing  fluorescence. 
This  fluorescence  of  biliverdin  with  zinc  acetate  solution  in  our 
experiments  seemed  to  bear  a  direct  relation  to  the  amount  of  bili- 
verdin. Occasionally  the  precipitate  from  5  per  cent,  acid  alcohol  is 
green,  at  other  times  pearly  white  or  pearl  blue.  A  further  boiling 
of  this  precipitate  with  20  per  cent,  acid  alcohol  will  yield  a  similar 
filtrate  if  the  amount  of  pigment  was  originally  large.  The  sera  in 
which  by  this  method  we  were  able  to  demonstrate  urobilin  only,  and 
no  bilirubin,  gave  an  almost  colorless,  or  faintly  yellow  or  faintly 
pink  filtrate,  as  described  above,  showing  characteristic  absorption 
band  of  urobilin  and  giving  fluorescence  with  zinc  acetate.  On 
boiling  bluish  white  precipitate  with  5  per  cent,  acid  alcohol  they 
again  gave  a  pink  filtrate  with  absorption  band  and  fluorescence 
as  before.  In  the  specimens  showing  large  amounts,  reboiling  with 
20  per  cent,  acid  alcohol  gave  same  result,  but  much  more  faintly. 
No  green  filtrates  could  be  obtained. 

Ehrlich's  paradimethyl  amidobenzaldehyde  reagent  (2  per  cent, 
solution  in  5  per  cent,  hydrochloric  acid)  gave  a  positive  reaction 
in  three  of  our  cases.  In  two  the  characteristic  red  color  developed 
immediately  and  in  the  other  after  fifteen  minutes.  As  shown  by 
Neubauer,^"  this  substance  reacts  to  all  bodies  containing  the  pyrrol 
ring.  That,  in  these  cases,  the  body  responsible  for  the  reaction  was 
urobilinogen  was  readily  shown  by  the  demonstration  of  the  absorp- 
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tion  band  of  urobilin,  as  well  as  that  of  the  benzaldehyde,  on  the 
completion  of  the  reaction. 

Attempts  to  separate  the  urobilin  directly  from  the  serum  by  means 
of  amyl  alcohol  were  unsuccessful,  because  of  the  tendency  to  the 
formation  of  an  emulsion  from  which  the  alcohol  separated  very 
slowly  and  incompletely. 

Braunstein's  test"^  was  found  inapplicable,  failing  in  several  sera 
known  to  contain  urobilin.  It  gave  a  positive  pink  chloroform  ex- 
tract in  one  serum  in  which  all  other  tests  for  urobilin  were  negative. 

Schlesinger's  direct  application  of  his  zinc  acetate  test  without 
previous  coagulation  gave  a  positive  fluorescence  and  band  in  one 
case,  in  which  we  had  previously  demonstrated  urobilin.  Blood  is 
received  directly  into  a  0.5  per  cent,  solution  of  calcium  oxalate  in 
200  c.c.  0.7  per  cent,  sodium  chloride  solution  and  corpuscles 
separated  by  centrifuge.  The  zinc  acetate  solution  is  added  to 
resulting  fluid.  The  possibility  of  bilirubin  giving  rise  to  a  deceptive 
fluorescence  should  be  borne  in  mind,  and  results  should  be  con- 
firmed by  spectroscope. 

Urobilin  and  bilirubin  in  urine:  The  characteristics  relied  on  for 
the  demonstration  of  urobilin  in  the  urine  were  its  absorption  spec- 
trum, a  single  band  between  C  and  F  near  F,  and  the  green  fluores- 
cence developing  in  the  presence  of  certain  zinc  salts.  The  chro mo- 
gen,  urobilinogen,  has  no  characteristic  spectrum,  but  it  is  readily, 
and  apparently  quantitatively,  converted  into  urobilin  by  the  addi- 
tion of  a  few  drops  of  Lugol's  solution.  The  green  fluorescence  may 
be  readily  developed  by  the  addition  of  an  equal  volume  of  a  10  per 
cent,  solution  of  zinc  acetate  in  absolute  alcohol,  as  suggested  by 
Schlesinger.  This  is  a  simpler  and  more  sensitive  method  than  the 
older  one  in  which  zinc  chloride  and  ammonia  were  used. 

Ehrlich's  benzaldehyde  reagent  was  not  used  for  the  demonstra- 
tion of  urobilin  because  the  many  substances  containing  the  pyrrol 
ring,  which  may  occur  in  the  urine,  necessitate  the  spectroscopic 
confirmation  of  each  positive  reaction. 

For  the  quantitative  estimation,  the  simple  method  was  used  of 
diluting  the  specimen  to  the  point  of  disappearance  of  the  absorption 
band  when  observed  in  a  layer  1  cm.  deep.  The  complete  daily 
volume  of  urine  was  not  taken  into  account  in  these  estimations. 
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(The  highest  value  we  encountered  in  this  series  required  a  dilution 
of  100  times  before  disappearance  of  band.) 

For  the  demonstration  of  bilirubin  Huppert's  test  and  its  various 
modifications  were  sometimes  used,  as  was  also  Hedenius'  test,  but 
we  relied  chiefly  on  Rosenbach's  modification  of  Gmelin's  test.  For 
this  several  sheets  of  soft  Swedish  filter  paper  were  used  and  a  large 
volume  of  urine  slowly  filtered  through  them.  On  the  pigment  thus 
collected  a  drop  of  yellow  nitric  acid  gave  the  most  satisfactory  play 
of  colors. 

Simultaneous  quantitative  examinations  of  the  blood  for  bilirubin 
and  the  urine  for  urobilin  were  made  in  121  cases.  The  results  of  the 
examinations  of  the  urine  have  been  grouped  into  five  classes,  accord- 
ing as  urobilinuria  was  absent,  slight,  moderate,  marked,  or  extreme. 
Similarly  the  results  of  the  examinations  of  the  blood  for  bilirubin 
have  been  divided  arbitrarily  into  five  groups,  representing  different 
degrees  of  bilirubinemia. 

The  mutual  relations  between  the  two  series  of  groups  can  best  be 
appreciated  by  their  graphic  representation,  as  in  the  accompanying 
chart. 

Considering,  first,  the  group  of  cases  (50  in  all)  in  which  the  bili- 
rubin content  of  the  blood  may  be  regarded  as  normal  (1  to  35,000 
or  less),  it  will  be  seen  that  the  urine  was  entirely  free  from  urobilin 
in  two-thirds  of  the  cases,  and  that  in  all  the  remaining  ones  urobilin 
was  present  in  only  slight  amount.  A  study  of  groups  II,  III,  and  IV 
will  show  that  as  the  bilirubin  content  of  the  blood  increases  there  is 
also  a  steady  rise  in  the  average  of  urobilin  in  the  urine,  although 
the  individual  cases  of  each  group  show  well-marked  variations  in  the 
degree  of  urobilinuria.  Group  V,  however,  which  contains  the 
highest  grades  of  bilirubinemia  and  represents  the  cases  of  marked 
jaundice,  shows  a  striking  departure  from  this  general  rule.  Of  the 
19  cases  included  in  it,  10  showed  no  urobilin  in  the  urine,  and  3 
others  only  a  small  quantity,  but  in  all  of  these  13  cases  the  urine  gave 
a  strong  reaction  for  bilirubin  (indicated  by  the  letter  B  in  the  chart). 
In  the  remaining  6  cases  of  this  group,  the  urine  contained  very  large 
quantities  of  urobilin,  but  no  bilirubin.  (It  should  be  added  that  in  no 
other  cases  of  the  entire  series  was  bile  pigment  found  in  the  urine.) 
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It  has  long  been  known  that  in  many  of  the  severest  cases  of  jaun- 
dice the  urine  is  entirely  free  from  urobilin.  The  usual  explanation 
for  this  peculiarity  is  that,  in  such  cases,  there  is  complete  occlusion 
of  the  common  or  hepatic  duct,  and  because  no  bile  can  enter  the 
intestines  no  urobilin  (stercobilin)  is  formed.  Indeed,  it  is  just  this 
class  of  cases  that  has  furnished  one  of  the  strongest  arguments  of 
the  supporters  of  the  theory  of  the  enterogenous  origin  of  urobilinuria. 
Gilbert  and  Herscher  attempt  to  harmonize  these  facts  with  their 
renal  theory  by  supposing  that  when  the  concentration  of  bilirubin 
in  the  blood  reaches  a  certain  point  the  kidneys  are,  as  it  were,  over- 
whelmed by  it  and  are  no  longer  able  to  convert  it  into  lU'obilin,  and 
that,  therefore,  bilirubin  passes  unchanged  into  the  urine. 

If  we  except  the  cases  just  referred  to,  it  is  evident,  from  the  chart, 
that  a  very  close  relationship  between  bilirubinemia  and  urobilinuria 
does  exist.  When  the  bilirubin  content  of  the  blood  is  normal, 
urobilin  is  either  absent  altogether  or  is  present  in  the  urine  only  in 
very  small  quantity.  With  the  increase  of  the  bilirubin  concentration 
there  is  a  well-marked  tendency  for  the  urobilinuria  to  become  more 
and  more  pronounced.  But  this  quantitative  relationship  is  by  no 
means  apparent  in  every  case.  In  each  of  the  groups  II  and  III 
there  are  two  or  three  cases  in  which  the  urine  contained  no  urobilin 
at  all.  On  the  other  hand,  the  last  case  in  group  II  showed  a  degree 
of  uribilinuria  greatly  in  excess  of  that  of  the  other  cases  of  that  group. 
It  is  evident,  therefore,  that  while  it  may  be  stated,  as  a  general  rule, 
that  bilirubinemia  and  urobilinuria  go  hand  in  hand  and  usually 
bear  a  rough  quantitative  relation  to  each  other,  the  exceptions  to 
this  rule  are  so  frequent  and  important  that  it  can  hardly  be  said  to 
furnish  much  support  to  the  renal  theory  of  the  origin  of  urobilinuria. 

III. — UROBILIN    IN   THE   BLOOD. 

Very  conflicting  opinions  have  existed  concerning  the  presence  of 
urobilin  in  the  blood.  Herscher,^  in  55  examinations  in  cases  of 
marked  urobilinuria,  was  never  able  to  demonstrate  it,  and  these 
negative  results  were  used  to  support  the  renal  theory  of  urobilinuria. 
Schlesinger,-*  using  better  methods,  failed  in  15  cases  of  marked 
urobilinuria  to  detect  urobilin  in  the  blood,  and  endorses  the  views 
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of  other  writers  (Gerhardt,  Fr.  ^Miiller)  that  in  fresh  blood  urobihn 
in  any  considerable  quantity  does  not  occur.  On  the  other  hand, 
Huber^^  states  that  in  the  40  cases  examined  he  was  always  able  to 
find  urobilin  in  the  blood  when  it  was  present  abundantly  in  the 
urine.  He  ascribes  Herscher's  negative  results  and  his  own  earlier 
ones  to  the  use  of  unsatisfactory  methods.  He  insists  that  with 
Schlesinger's  method  its  demonstration  in  the  blood  is  easv.  It  is 
necessary  to  convert  the  urobilinogen  into  urobilin  by  adding  one  or 
two  drops  of  Lugol's  solution,  and  this,  he  thinks,  is  probably  the 
reason  why  Schlesinger  himself  failed  to  find  it.  Biffi,-"  in  a  very 
recent  article,  states  that  urobilin  (or  its  chromogen)  can  be  demon- 
strated not  infrequently  in  the  blood,  and  that  in  certain  diseases, 
e.  cj.,  croupous  pneumonia,  it  is  to  be  found  "almost  always"  in  con- 
siderable amounts. 

Our  own  experience  does  not  tally  exactly  with  that  of  any  of  the 
writers  cited.  In  spite  of  repeated  and  careful  efforts,  in  patients  with 
marked  urobilinuria  and  bilirubinuria,  our  results  were  uniformly 
negative  until  we  chanced  to  examine  blood  from  a  ven-  severe  case 
of  lobar  pneumonia,  with  beginning  pulmonary  edema,  upon  which 
venesection  had  been  done.  The  results  in  this  case  were  in  striking 
contrast  to  those  of  our  other  cases.  Urobilin  could  be  demonstrated 
readily  by  every  method,  and  could  be  easily  measured  by  the  spec- 
troscope. In  9  other  cases  of  the  same  sort — very  severe  pneumonias 
which  soon  afterward  died — exactly  the  same  results  were  obtained. 
(In  several  of  these  cases  urobilin  was  present  in  such  quantity  that 
the  untreated  blood  serum  showed  a  pronounced  green  fluorescence.) 
In  these  cases  there  was  nothing  in  the  urobilin  contents  of  the  urine 
to  distinguish  them  from  many  other  pneumonias.  ^^hile  the 
urobilin  was  abundant  in  the  urine  (the  dilution  values  varied 
between  6  and  40),  it  was  less  in  amount  than  in  several  cases  of 
pneumonia  which  showed  no  urobilin  in  the  blood,  and  was  much 
less  than  in  certain  cases  of  cirrhosis  in  which,  likewise,  the  blood 
failed  to  show  urobilin. 

Another  surprising  fact  in  these  10  fatal  cases  of  pneumonia  was 
that,  while  urobilin  was  present  in  large  amount,  no  hiliruhin  could 
be  found  in  the  blood.  In  3  severe  cases  of  pneumonia,  which  eventu- 
ally recovered,  the  blood  contained  a  small  quantity  of  urobilin  and 
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also  some  biliriil)iii.  Still  another  severe  case  showed  only  bilirubin 
on  the  first  examination.  On  the  next  day  the  blood  contained  both 
bilirubin  and  urobilin.  A  day  or  two  later  the  patient  died  without 
another  blood  examination  having  been  made.  In  contrast  to  the 
blood  findings  in  these  severe  cases  of  pneumonia,  there  were  15  cases 
with  recovery  in  which  no  urobilin  could  be  demonstrated  in  the 
blood.  In  all  but  one  of  these  the  blood  contained  an  increased 
quantity  of  bilirubin. 

The  constant  appearance  of  urobilin  in  the  blood  of  pneumonias 
shortly  (from  one  to  three  days)  before  death  seemed  to  present  such 
a  notable  exception  to  the  general  rule  (in  our  examinations)  that  no 
urobilin  can  be  found  in  the  blood  even  when  it  is  present  abundantly 
in  the  urine,  that  efforts  were  made  to  find  some  explanation  for  this 
peculiarity.  The  apparent  disappearance  of  bilirubin  from  the  blood 
suggested  the  possibility  that  the  growth  and  multiplication  of  pneu- 
mococci  in  the  blood  might  bring  about  the  transformation  of  the 
circulating  bilirubin  into  urobilin.  Another  possibility  was  that,  by 
the  action  of  the  bacteria,  urobilin  might  be  formed  directly  from  the 
hemoglobin  of  the  blood.  Added  plausibility  was  lent  to  this  idea 
by  the  well-known  fact  that  the  growth  of  pneumococci  in  blood- 
containing  media  is  often  associated  with  the  development  of  a 
greenish  color,  as,  for  example,  in  the  green  tinted  vegetations  in 
acute  pneumococcic  endocarditis.  In  order  to  determine  these  points, 
agar  plates,  to  which  had  been  added  varying  quantities  of  blood, 
were  inoculated  with  pneumococci  obtained  from  some  of  the  fatal 
cases;  a  second  series  of  plates  was  inoculated  with  Streptococcus 
mucosus  capsulatus,  obtained  from  a  fatal  case  of  septicemia  with 
pneumonia  and  urobilinemia.  In  addition,  cultures  of  these  organ- 
isms were  made  in  bouillon  and  glucose  bouillon  to  which  had  been 
added  varying  amounts  of  hemoglobin  and  bilirubin.  In  none  of 
these  cultures,  however,  could  urobilin  be  demonstrated.  A  partial 
reduction  of  the  hemoglobin  was  obtained,  but  no  urobilin. 

Rabbits  were  also  inoculated — two  with   the  pneumococcus  and  ' 
one    with    the  streptococcus    mucosus — but   their   blood,   although 
swarming  with  the  bacteria,  failed  to  show  urobilin.     Portions  of 
consolidated  lung  from  cases  showing  urobilinemia,  when  washed 
free  from  blood  and  ground  in  a  mortar,  likewise  failed  to  show  the 
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presence  of  urobilin.  We  were,  therefore,  forced  to  the  conclusion 
that  the  marked  urobilinemia  observed  in  the  very  severe  forms  of 
pneumonia  is  not  to  be  explained  upon  the  ground  either  of  bacterial 
transformation  of  hemoglobin  or  bilirubin  into  urobilin  in  the 
blood,  or  of  the  formation  of  urobilin  in  the  hepatized  lung  itself. 

A  recent  statement  by  Biffi,-''  which  has  come  to  our  notice  only 
since  the  completion  of  this  work,  has  a  direct  bearing  upon  this 
subject.  He  found  that  postmortem  blood  almost  invariably  con- 
tains urobilin  in  considerable  quantity.  In  96  such  examinations  he 
could  demonstrate  urobilin  in  the  heart  blood  in  all  but  two  cases, 
and  these  two  were  cases  of  sudden  death  in  persons  up  to  that  time 
in  good  health.  That  the  urobilinemia  was  due  neither  to  a  post- 
mortem diffusion  of  the  intestinal  stercobilin,  nor  to  bacterial  reduc- 
tion of  the  plasmochrome  (bilirubin?)  into  urobilinogen,  he  thinks 
probable  from  the  fact  that  it  was  found  in  cases  examined  a  very 
short  time  after  death.  On  the  other  hand,  in  several  of  his  cases  the 
blood  had  been  examined  for  urobilin  only  a  few  days  before  death, 
with  negative  results.  The  condition  was  observed  after  death  from 
all  manner  of  diseases  and  at  all  seasons  of  the  year.  Biffi  suggests, 
therefore,  that  the  development  of  the  urobilinemia  occurs  during  the 
last  few  hours  of  life  as  an  antemortem  change,  irrespective  of  the 
nature  of  the  fatal  disease.  We  have,  as  yet,  had  no  opportunity  to 
verify  this  view.  In  our  cases  of  pneumonia,  while  there  was 
regularly  the  appearance  of  a  urobilinemia  in  the  fatal  cases  during 
the  last  day  or  two  of  life,  urobilin  also  appeared,  in  small  amount,  in 
three  severe  cases  which  ended  in  recovery.  It  cannot,  therefore,  be 
purely  an  antemortem  change.  This  subject  will  be  referred  to 
again  later. 

In  the  light  of  our  own  experience,  it  is  difficult  to  understand  the 
statement  of  Huber  that  he  was  always  able  to  demonstrate  urobilin 
in  the  blood  in  cases  of  marked  urobilinuria.  In  upward  of  65  exami- 
nations, most  of  them  in  cases  with  a  high  grade  of  urobilinuria,  we 
were  able  to  demonstrate  urobilin  in  the  blood  serum  only  in  the 
cases  of  severe  pneumonia  mentioned  above.  In  these  cases,  how- 
ever, the  reactions  for  urobilin  were  so  distinct  and  so  easily  obtained 
that  it  seems  very  unlikely  that  our  failures  in  other  instances  were 
due  to  faulty  technique. 
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We  have  founfl  that  the  zinc  acetate  test  (Schlesinger's)  in  the 
presence  of  bile  pigment  is  unreliable,  as  a  distinct  green  fluorescence 
may  be  produced  by  biliverdin.  In  blood  serum  containing  bili- 
rubin, therefore,  reliance  must  be  placed  upon  Syllaba's  test  and  the 
spectroscope.  In  view  of  the  fact  that  Ruber's  results  were  obtained 
with  Schlesinger's  test,  and  the  further  fact  that  most  cases  of  marked 
urobilinuria  are  associated  with  bilirubinemia,  it  seems  probable  that 
some  of  his  positive  reactions  may  have  been  caused  by  biliverdin 
rather  than  by  urobilin. 


IV.— THE   SOURCE    OF   URINARY   UROBILIN. 

A  number  of  theories  have  been  advanced  to  explain  the  origin  of 
the  urobilin  of  the  urine,  and  much  difference  of  opinion  and  uncer- 
tainty still  exist  concerning  it.  The  subject  is  complicated  by  the 
fact  that,  as  has  been  said,  there  is  still  some  conflict  of  opinion  con- 
cerning the  identity  of  the  urinary  urobilin  with  the  stercobilin  of  the 
feces,  although  the  weight  of  opinion  strongly  supports  the  view  that 
they  are  identical. 

Briefly  stated,  these  theories  are  as  follows:* 

The  hepatogenous  theory,  which  has  gained  widespread  acceptance 
in  France  chiefly  through  the  advocacy  of  Hayem^"  and  his  school,  is 
well  defined  in  the  dictum  of  Hayem:  "L'urobiline  est  le  pigment  du 
foie  malade."  When  the  functional  activity  of  the  liver  is  disturbed 
the  coloring  matter  of  the  blood  is  manufactured,  not  into  bilirubin, 
as  usual,  but  into  urobilin.  Urobilinuria  is,  therefore,  an  indication 
of  hepatic  insufficiency.  This  insufficiency  may  be  absolute  when 
the  liver  itself  is  at  fault,  or  relative  when,  owing  to  the  excessive 
amount  of  blood  pigment  carried  to  the  liver,  this  organ  can  no  longer 
convert  it  all  into  bilirubin. 

The  hematogenous  theory.  In  this  the  blood  itself,  rather  than 
the  liver,  is  looked  upon  as  the  direct  source  of  the  urobilin.  Urobili- 
nuria is  known  to  occur  with  all  sorts  of  blood  extravasations  and 
in  various  conditions  in  which  there  is  extensive  destruction  of  red 
cells,  e.  g.,  in  paroxysmal  hemoglobinuria,  scurvy,  black  water  fever, 

*  The  whole  question  is  discussed  fully  by  Weintraub  in  von  Noorden's  Metabolism  and 
Practical  Medicine,  American  Edition,  1907,  vol.  ii,  p.  241. 
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pernicious  anemia,  sulphonal  poisoning,  etc.  ^Moreover,  urobilin  has 
been  found  locally,  in  blood  extravasations,  it  (urobilinogen)  has 
been  produced  by  a  process  of  reduction  from  hematin,  and  is  said 
to  have  formed  in  a  solution  of  hemoglobin  which  had  been  for  a 
long  time  protected  from  bacterial  action  (Winter). 

The  histogeiwus  theory  has  as  its  basis  the  fact  that,  in  many  forms 
of  jaundice,  especially  in  conditions  of  fading  jaundice,  the  urine 
contains  very  large  quantities  of  urobilin  and  no  bilirubin.  It  was, 
therefore,  assumed  that  the  bilirubin  deposited  in  the  various  tissues 
might,  by  the  action  of  those  tissues,  be  converted  gradually  into 
urobilin,  which,  because  of  its  great  diffusibility,  would  be  taken  up 
promptly  by  the  blood  and  excreted  in  the  urine. 

The  renal  theory,  which  is  really  only  the  application  of  the 
histogenous  theory  to  a  particular  type  of  tissue,  has  already  been 
referred  to. 

The  enterogenous  theory  assumes  that  the  only  source  of  urobilin 
in  the  body  is  the  intestines,  where  it  is  formed  in  large  quantity, 
and  that  urobilin  appears  in  the  urine  when,  for  any  reason,  it  is 
absorbed  from  the  intestines  in  larger  amount  than  usual. 

Many  facts,  both  clinical  and  experimental,  support  the  view  that 
a  close  relationship  exists  between  the  urobilin  of  the  intestine  and 
that  of  the  urine.  Urobilinogen  and  urobilin  (stercobilin)  are  formed, 
in  large  amount,  in  the  intestine  by  the  reducing  action  of  the  putre- 
factive bacteria  upon  the  pigment  of  the  bile.  Urobilinogen  is  found 
chiefly  in  the  small  intestine,  urobilin  chiefly  in  the  colon.  Normally 
these  substances  are,  to  some  extent,  absorbed  from  the  intestine 
and  carried  to  the  liver,  where  they  are,  in  part  at  least,  excreted  in 
the  bile.  A\Tien  no  bile  enters  the  duodenum,  as  in  occlusion  of  the 
common  duct,  urobilin  disappears  from  the  intestine,  bile,  and  urine. 
In  a  case  of  this  sort  Friedrich  Miiller^  found  that,  by  administering 
bile  by  mouth,  urobilin  could  be  made  to  appear  in  the  urine,  and 
that  it  disappeared  soon  after  the  feeding  of  bile  ceased.  Newborn 
infants  during  the  first  few  days  of  life,  i.  e.,  before  putrefactive 
bacteria  have  invaded  the  intestine,  show  urobilin  neither  in  the 
stools,  bile,  nor  urine.  In  many  disturbances  of  the  liver  associated 
with  marked  urobilinuria,  an  unusually  large  quantity  of  bile  pig- 
ment is  furnished  to  the  intestine  (pleiochromia)  and  the  conditions 
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are  favorable  there  for  the  production  of  an  increased  quantity  of 
urobihn.  These  facts,  on  the  one  hand,  and,  on  the  otlier,  the  absence 
of  convincing  evidence  that  urobihn  is  produced  elsewhere  in  the 
body  have  led  to  the  wide  acceptance,  especially  in  Germany,  of  the 
idea  that  the  urobilin  of  the  urine  is  produced  in  the  intestine,  and 
is  simply  the  expression  of  its  increased  absorption  from  the  intestine. 
Increased  absorption  does  not  necessarily  imply  an  increased  pro- 
duction in  the  intestine.  Ladage^*  has  shown  that  when  urobilin 
is  introduced  into  the  upper  part  of  the  small  intestine  most  of  it  is 
absorbed  and  appears  in  the  urine.  Conditions  which  favor  the 
rapid  conversion  of  bilirubin  into  urobilin  in  the  small  intestine 
might,  therefore,  be  assumed  to  favor  the  absorption  of  the  latter. 
Efforts  to  demonstrate  a  parallelism  between  urobilinuria  and 
increased  intestinal  putrefaction,  however,  have  thus  far  not  been 
successful  (Fischler^). 

But  the  intestinal  theory  of  the  origin  of  urobilinuria  fails  to  sat- 
isfactorily explain  many  of  the  clinical  facts.  There  is  abundant 
evidence,  for  example,  that  a  marked  urobilinuria  may  exist  when  it 
is  certain  that  much  less  than  the  normal  quantity  of  bile  is  entering 
the  gut.  For  these  and  other  reasons,  which  cannot  here  be  dis- 
cussed, it  seems  very  unlikely  that  conditions  in  the  intestines  con- 
stitute the  sole,  or  even  the  chief,  factor  in  the  production  of 
urobilinemia  and  urobilinuria. 

The  fact  that,  normally,  the  urobilin  which  is  absorbed  from  the 
intestine  is  almost  completely  abstracted  from  the  portal  blood  by 
the  liver  has  led  to  the  view  that  the  failure  of  the  liver  properly  to 
remove  the  urobilin  brought  to  it  by  the  portal  vein  may  explain  the 
appearance  of  urobilin  in  the  general  blood  stream  and  in  the  urine. 
Such  a  failure  might  result  from  some  disturbance  of  the  liver  itself, 
when  only  the  usual  quantity  of  urobilin  was  brought  to  it,  or  from 
the  fact  that  the  portal  blood  contained  an  amount  of  urobilin  so 
great  that  even  the  normal  liver  was  unable  to  abstract  it  all. 

This  combined  intestinal  and  hepatic  theory  of  the  origin  of 
urobilinuria  seems  at  present  to  be  the  one  which  best  explains  most 
cases  of  urobilmuria.  That  it  will,  however,  account  for  all  cases  cf 
urobilinemia  and  urobilinuria  is  by  no  means  certain.  Of  the  several 
other  possible  sources  it  may  be  said,  first,  that  there  is  no  proof 
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whatever  that  urobilm  is  ever  formed  in  the  body  tissues  from  the 
bile  pigment  deposited  there.  The  renal  theory,  also,  attractive  and 
plausible  as  it  seems,  has  little  evidence  to  support  it,  and  fails  to 
explain  many  of  the  clinical  facts.  We  have  shown  that  the  relation 
between  bilirubinemia  and  urobilinuria  is  not  sufficiently  constant 
to  accord  with  such  a  view.  It  has  been  shown  also  that  urobilin 
does  occur  in  the  blood.  The  theory,  moreover,  fails  to  explain  sat- 
isfactorily the  important  class  of  cases  of  common  duct  occlusion  in 
which,  although  bilirubin  is  present  in  the  blood  in  large  amount,  no 
urobilin  appears  in  the  urine.  Finally,  the  theory  is  contradicted 
by  the  experiment  of  Fr.  Miiller,  and  by  the  later  ones  of  Fischler,"^ 
in  which  perfusion  of  the  living  kidney  with  solutions  of  bilirubin 
failed  to  show  any  transformation  of  bile  pigment  into  urobilin. 

The  view  that  urobilin  may  sometimes  be  formed  directly  from  the 
hemoglobin  of  the  blood  cannot  be  dismissed  so  readily.  It  is  known 
that  urobilin  can  be  produced  in  vitro  directly  from  hematin.  There 
is  at  present,  however,  no  proof  that  such  a  transformation  occurs  in 
the  circulating  blood.  Our  efforts  to  demonstrate  such  a  source  for 
the  urobilinemia  of  certain  cases  of  pneumonia  were  altogether 
unsuccessful.  The  possibility,  however,  of  the  hematogenous  origin 
of  urobilin  must  still  be  acknowledged. 

Can  the  liver  itself  produce  urobilin;  and  is  there  any  basis  for 
Hayem's  dictum,  that  urobilin  is  the  pigment  of  the  diseased  liver? 
A  categorical  answer  to  these  questions  cannot  be  given  at  the 
present  time.  There  is  a  multitude  of  clinical  facts  which  point  to 
the  liver  as  the  dominant  factor  in  the  production  of  urobilinuria. 
In  no  other  class  of  disorders  is  urobilinuria  so  frequent  and  so 
excessive  as  in  those  associated  with  disturbances  of  the  liver 
functions.  In  almost  every  variety  of  acute  and  chronic  disease  of 
the  liver  urobilinuria  is  a  common  and  conspicuous  symptom.  It 
seems  probable  that,  in  most  such  cases,  this  urobilinuria  is  caused 
by  the  failure  of  the  disordered  liver  properly  to  arrest  the  urobilin 
carried  to  it  from  the  intestine,  but,  until  within  the  past  year  or  two, 
no  convincing  evidence  had  been  adduced  to  show  that  the  liver, 
healthy  or  diseased,  has  the  power  of  actually  producing  urobilin. 
Recently,  however,  Fischler,^^  in  a  series  of  interestfng  and  carefully 
performed  experiments,  has  obtained  data  which  seem  to  prove  that 
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under  certain  circumstances  the  liver  can,  in  fact,  manufacture  this 
substance.  He  found  that  in  dogs,  in  which  he  had  severed  the 
common  bile  duct  and  had  made  a  complete  bile  fistula,  and  in  which, 
therefore,  no  bilirubin  could  enter  the  intestine,  the  bile,  which 
normally  contains  a  considerable  amount  of  urobilin,  promptly 
became  completely  free  from  it,  and  at  the  same  time  the  stools 
became  colorless  and  lost  all  but  a  small  fraction  of  their  urobilin, 
The  urine  also  remained  free  from  urobilin.  He  then  produced 
changes  in  the  liver,  by  the  administration  of  well-known  liver  poisons 
(amyl  alcohol,  phosphorus,  etc.),  and  found  that  the  bile  immedi- 
ately showed  enormous  quantities  of  urobilin,  and  that  urobilin 
appeared  in  the  urine.  ^A  ith  the  subsidence  of  the  poisonous  effects, 
the  bile  and  urine  again  became  free  from  urobilin.  In  the  face  of 
these  experiments,  it  is  difficult  to  escape  the  conviction  that  the 
liver  can,  under  certain  circumstances,  produce  urobilin. 

How  important  a  role  this  purely  hepatogenous  urobilin  may  play 
in  the  production  of  the  clinical  forms  of  urobilinuria  and  urobili- 
nemia  must  be  left  for  future  study  to  determine.  Fischler,  himself, 
is  inclined  to  believe  that  such  a  hepatogenous  form  of  urobilinuria 
is  exceptional. 

It  is  possible,  however,  that  these  new  facts  may  throw  some  light 
upon  the  antemortem  form  of  urobilinemia  to  which  Biffi  has  called 
attention,  and  which  seems  to  correspontl,  in  most  respects,  with  the 
marked  urobilinemia  found  during  life  in  our  cases  of  fatal  pneu- 
monia. ^Mien  one  considers  that,  even  in  the  extreme  grades  of 
urobilinuria,  it  is  usually  impossible  to  demonstrate  urobilin  in  the 
blood,  it  seems  probable  that  the  concentration  of  urobilin  in  the 
blood  in  these  cases  of  pneumonia  must  have  been  exceptionally 
great,  so  great,  indeed,  that,  with  the  failing  circulation  of  approach- 
ing death,  it  is  not  easy  to  imagine  the  absorption  from  the  intestine 
of  a  sufficient  quantity  of  urobilin  to  explain  it.  In  this  connection 
reference  should  agam  be  made  to  the  striking  fact  that  in  these  10 
cases  of  pneumonia  with  marked  urobilinemia  no  bilirubin  could  be 
found  in  the  blood,  although  it  was  almost  constantly  present  in  the 
other  cases  of  pneumonia. 

The  constant  association  of  these  two  exceptional  conditions  can 
hardly  be  a  mere  coincidence,  and  suggests  that  both  the  marked 
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urobilinemia  and  the  absence  of  a  bilirubinemia  may  have  as  a  com- 
mon cause  the  disturbed  metaboHsm  of  a  failing  liver. 
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DISCUSSION. 


Dr.  James  Ewing:  In  eclampsia  we  have  very  marked  urobilinuria,  with 
symptoms  which,  of  course,  could  not  be  attributed  to  any  bacterial  origin,  and 
it  has  been  regarded  by  some  as  proving  an  underlying  disorder  of  the  hepatic 
functions. 


THE  for:\iatiox  and  fixation  of  hydrogen 

SULPHIDE  IN  THE  HUMAN  INTESTINE. 

PRELIMINARY   NOTE. 


By  C.  a.  HERTER,  M.D., 

NEW    YORK. 


Studies  have  been  made  of  the  hydrogen  sulphide  content  of  the 
freshly  voided  feces  which  indicate  that  the  quantity  of  hydrogen 
sulphide  formed  and  fixed  by  the  intestinal  contents  is  much  influ- 
enced by  the  character  of  the  diet,  the  quantity  being  small  on  a  milk 
diet  and  much  larger  on  a  meat  diet.  The  free  use  of  canned  vege- 
tables, especially  canned  peas  and  asparagus,  was  observed  to  be 
followed  by  marked  rise  in  the  percentage  of  hydrogen  sulphide  in 
the  feces.  On  an  ordinary  mixed  diet  the  quantity  of  hydrogen 
sulphide  ordinarily  varies  from  0.015  per  cent,  to  0.03  per  cent., 
and  on  special  diets  containing  an  abundance  of  proteid  material 
the  proportion  may  rise  to  0.1  per  cent.  It  is  noteworthy  that  the 
hydrogen  sulphide  existing  in  the  feces  is  in  a  fixed  state;  that  is  to 
say,  it  requires  the  use  of  acids  to  liberate  the  gas.  In  freshly  voided 
material  the  presence  of  free  hydrogen  sulphide  in  sufficient  quan- 
tities to  be  detected  is  a  very  rare  occurrence,  and  is  probably  to  be 
regarded  as  pathological.  It  is  furthermore  noteworthy  that  a 
considerable  degree  of  saccarobutyric  intestinal  putrefaction  may 
exist  without  any  noticeable  increase  in  the  fixed  hydrogen  sulphide 
of  the  intestinal  contents.  The  inference  seems  justified  that  the 
absorption  of  enough  hydrogen  sulphide  from  the  digestive  tract 
to  act  injuriously  must  be  of  very  exceptional  occurrence. 


ON  INDOLACETURIA. 


By  C.  a.  HERTER,  M.D., 

NEW    YORK. 


In  the  course  of  investigations  made  upon  the  urine  of  a  child 
suffering  from  a  chronic  intestinal  bacterial  infection  it  was  noticed 
that  the  addition  of  concentrated  hydrochloric  acid  to  the  urine  led 
to  the  development  of  an  intense  rose  color.  The  study  of  this 
color  reaction  showed  it  to  be  identical  with  the  reaction  described 
in  1882  by  Xencki  and  Sieber  as  the  urorosein  reaction.^  Although 
there  has  been  considerable  discussion  as  to  the  nature  of  this 
reaction,  its  exact  nature  has,  up  to  the  present  time,  been  left  in 
obscurity.  In  the  course  of  my  study  of  the  patient  just  mentioned 
it  was  determined  that  the  mother  substance,  or  chromogen,  from 
which  the  urorosein  is  derived,  is  a  definite  substance,  derived  in 
the  intestinal  tract  from  the  breakdown  of  tryptophan  by  bacteria. 
This  substance  is  indolacetic  acid.  Further  study  has  shown  that 
the  occurrence  of  indolacetic  acid  in  the  urine  is  not  a  rare  occur- 
rence, and  that  it  is  usually  associated  with  pathological  conditions 
of  the  intestinal  tract.  For  this  reason  it  has  appeared  to  me  worth 
while  to  bring  together  here  such  facts  as  have  now  come  to  light. 

I  have  ventured  to  designate  by  the  term  indolaceturia  the  presence 
of  indolacetic  acid  in  the  urine.  The  term  is  somewhat  awkward, 
and  perhaps  in  other  respects  not  without  objection,  but  neverthe- 
less I  think  it  advantageous  to  make  use  of  this  term,  as  otherwise 
one  is  constantly  confronted  with  the  inconvenience  of  designating 
the  condition  by  circumlocution. 

It  is  desirable  to  sketch  at  the  outset  the  characteristics  of  a  urine 
containing  indolacetic  acid  in  appreciable  quantity.  If  to  such  a 
urine  there  be  added  an  equal  volume  of  concentrated  hydrochloric 

1  Jour.  f.  prakt.  Chem.,  1882,  xx\-i,  333. 
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acid,  one  of  two  resu'ts  may  be  looked  for.  Either  the  urine 
develops  promptly  a  fine  rose-red  color,  which  deepens  in  intensity 
during  the  first  few  minutes,  or  there  is  no  development  whatever 
of  the  rose-red  color.  In  making  this  statement  it  is  assumed  for 
the  moment  that  the  urine  does  not  contain  indoxyl  potassium 
sulphate  in  sufficient  concentration  to  give  rise  to  the  occurrence  of 
an  appreciable  color  reaction  from  the  presence  of  indigo.  Urines 
occur  which,  on  addition  of  concentrated  hydrochloric  acid,  do  yield 
indigo  in  sufficient  amount  to  distinctly  obscure  the  rose-red  re- 
action, and  it  is  necessary  in  such  cases  to  resort  to  a  special  pro- 
cedure in  order  to  make  the  distinction  certain  between  the  presence 
of  indolacetic  acid  and  an  indoxyl  compound.  The  explanation  of 
the  different  behavior  of  urines  containing  indolacetic  acid  toward 
concentrated  hydrochloric  acid  is  simple.  If  we  make  a  watery 
solution  of  indolacetic  acid  or  one  of  its  salts,  and  add  to  it  concen- 
trated hydrochloric  acid,  there  is  no  change  in  color;  but  if  we  now 
add  to  the  mixture  some  suitable  oxidizing  agent,  as,  for  example, 
one  or  two  drops  of  a  0.1  per  cent,  solution  of  potassium  nitrite, 
there  is  instantly  developed  the  characteristic  rose-red  color.  Ex- 
perimental study  has  shown  that  those  urines  which  yield  the 
typical  indolacetic  acid  color  reaction  on  the  addition  of  concen- 
trated hydrochloric  acid  contain  traces  of  nitrites.  These  nitrites 
are  formed  through  the  action  of  nitrifying  bacteria  in  the  urine,^ 
possibly  from  the  breakdown  of  urea,  but  more  probably  from  the 
action  of  these  bacteria  upon  compounds  of  ammonia  normally 
present  in  every  urine.  Since  a  mere  trace  of  the  nitrite  is  all  that 
is  necessary,  in  the  presence  of  hydrochloric  acid,  to  give  rise  to  the 
rose-red  or  urorosein  color,  it  may  happen  that  the  urine  is  not 
greatly  clouded  by  the  presence  of  nitrifying  bacteria.  It  is  note- 
worthy that  the  quite  fresh  urines  from  persons  showing  the  uro- 
rosein reaction  will  not  develop  the  color  reaction  without  the 
addition  of  nitrites,  whereas,  the  same  urine  on  standing  in  the 
laboratory  for  twelve  or  twenty-four  or  forty-eight  hours,  will  fre- 
quently give  rise  to  the  reaction,  without  the  addition  of  a  nitrite.^ 

1  The  Relation  of  Nitrifying  Bacteria  to  the  Urorosein  Reaction  of  Nencki  and  Sieber,  Jour, 
of  Biol.  Chem.,  1908,  iv,  239. 

2  There  are  occasional  exceptions  to  this  rule,  due  to  the  fact  that  the  urine  may  contain  a 
trace  of  a  nitrite  when  freshly  voided. 
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It  is  possible  that  other  oxidizing  agents  than  nitrites  at  times 
play  a  part  in  the  production  of  the  color  reaction.  At  present  I 
know  of  no  substance  occurring  naturally  in  the  urine  which  will 
take  the  place  of  the  nitrites  in  oxidizing  the  indolacetic  acid  chro- 
mogen  with  the  typical  resultant  color  reaction.  The  chief  practical 
interest  of  the  fact  that  nitrites  are  able  to  oxidize  the  indolacetic 
acid  so  as  to  yield  the  typical  rose-red  color  lies  in  the  circumstance 
that  one  may  wholly  overlook  the  presence  of  a  considerable  and 
significant  amount  of  indolacetic  acid  in  the  jirine  simply  by  failing 
to  add  the  necessarv^  trace  of  a  nitrite  to  the  urine  to  be  tested. 
Observers  who,  in  the  past,  have  found  the  urorosein  reaction  to  be 
present  in  the  urine,  have  generally  detected  it  simply  by  the  addi- 
tion of  concentrated  hydrochloric  acid.  In  other  words,  the  nitrites 
necessary  for  oxidation  have  happened  to  exist  in  the  urine.  I  have 
found  the  indolacetic  acid  reaction  many  times  present  in  urines 
which  failed  to  give  the  reaction  on  the  addition  of  hydrochloric 
acid  alone,  and  its  presence  has  been  detected  simply  through  the 
use  of  sodium  nitrite  or  potassium  nitrite. 

It  is  worth  while  to  consider  briefly  the  chief  properties  of  indol- 
acetic acid  as  contrasted  with  the  properties  of  the  urorosein-colored 
substance  resulting  from  the  oxidation  of  indolacetic  acid  through 
the  action  of  hydrochloric  acid  and  nitrous  acids. 

Properties  of  Indolacetic  Acid.  Well  purified  indolacetic 
acid  crvstallizes  from  benzol  as  small,  flat  crvstals,  with  a  melting: 
point  of  164°  C.  When  heated  a  few  degrees  above  the  melting 
point  it  breaks  down  into  carbon  dioxide  and  skatol — a  property 
of  much  value  for  the  identification  of  the  substance.  This  occur- 
rence is  indicated  in  the  following  equation: 

/  \ CHj .  COOH >      /  \ CHj  +  COj 

III  III 

N  N 

Indolacetic  acid.  Skatol. 

Indolacetic  acid  is  very  slightly  soluble  in  cold  water,  easily  soluble 
in  alcohol  and  in  ether,  less  easily  soluble  in  chloroform,  and  only 
slightly  soluble  in  'benzol.  A  solution  of  indolacetic  acid  when 
acidified  with  hydrochloric  acid  develops  a  violet  color  on  heating 
in  the  presence  of  a  very  small  quantity  of  ferric  chloride.     A  solu- 
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tion  of  indolacetic  acid  of  the  strength  of  1  to  10,000  behaves  in  this 
way.  This  reaction  was  first  described  by  Salkowski/  who  regarded 
it  as  especially  satisfactory  for  the  recognition  of  indolacetic  acid, 
or,  as  it  was  formerly  called,  skatol-carboxylic  acid.  If  to  a  watery 
solution  of  indolacetic  acid  (1  to  1000)  there  be  added  a  few  drops  of 
nitric  acid  (specific  gravity  1.2),  and  a  few  drops  of  a  1  per  cent, 
solution  of  potassium  nitrite  be  added,  the  solution  develops  a 
cherry-  or  rose-red  color,  according  to  the  concentration  of  the  indol- 
acetic acid.  The  coloring  matter  thus  developed  may  be  suffi- 
ciently abundant  to  separate  out.  It  is  the  coloring  matter  known 
to  Xencki  and  Sieber  as  urorosein.  The  gradual  development  of  a 
purple  red  may  be  obtained  by  adding  to  the  w^atery  solution  of 
indolacetic  acid  (1  to  1000)  an  equal  volume  of  hydrochloric  acid 
(specific  gravity  1  to  2)  to  which  is  then  added  a  few  drops  of  a  1 
per  cent,  solution  of  chloride  of  lime.  If,  instead  of  using  chloride 
of  lime,  one  employs  a  ^  per  cent,  solution  of  potassium  nitrite, 
there  is  a  gradual  development  of  the  urorosein  color,  and  this 
method  is  the  most  satisfactory  for  detecting  the  presence  of  indol- 
acetic acid  in  the  urine.  A  solution  of  indolacetic  acid,  when 
boiled  with  a  solution  of  paradimethylamidobenzaldehyde  (Ehrlich's 
aldehyde)  dissolved  in  hydrochloric  or  sulphuric  acid,  gives  rise  to 
a  red  color  differing  from  the  color  obtained  by  the  action  of  this 
reagent  on  indol  in  being  both  far  less  sensitive  and  presenting  a 
less  purplish  tinge.  On  boiling  a  watery  solution  of  indolacetic  acid 
with  Millon's  reagent,  a  yellow  color  is  obtamed. 

Properties  of  the  Uroroseix  Coloring  Matter.  The 
urorosein  coloring  matter,  as  obtained  by  the  action  of  strong  hydro- 
chloric acid  and  potassium  nitrite  on  indolacetic  acid,  is  a  rose-red 
or  cherry-colored  substance,  which  has  the  property  of  passing 
readily  into  amvl  alcohol.  It  passes  somewhat  less  readily  into 
propyl  alcohol,  but  can  be  satisfactorily  extracted,  especially  if 
salted  out.  The  spectroscopic  examination  of  the  red  amyl  alcohol 
solution  shows  the  presence  of  a  characteristic  absorption  band  in 
the  green  portion  of  the  spectrum,  its  location  being  somewhat 
nearer  the  sodium  line  D  than  the  line  E.     On  treating  the  uro- 

1  Ueber  das  Verhalten  der  Skatolcarbonsaiire  in  Organismus,  Zeitschr.  f.  physiol.  Chem  , 
1885,  ix.  23. 
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rosein  coloring  matter  with  zinc  and  hydrochloric  acid,  it  is  readily 
reduced  to  a  colorless  substance,  but  through  a  cautious  use  of 
oxidizing  agents  the  original  color  may  be  partially  restored.  The 
chemical  constitution  of  the  urorosein  coloring  matter  has  not  been 
established.  It  is  possible  that  it  is  a  nitroso-indolacetic  acid 
analogous  to  the  nitroso-indol  formed  by  the  action  of  nitrites  upon 
indol.  As,  however,  a  similar  and  possibly  identical  coloring 
matter  may  be  obtained  through  careful  oxidation  of  indolacetic 
acid  by  means  of  other  oxidizing  agents  than  nitrous  acid,  it  is  not 
clear  that  we  are  justified  without  further  study  in  regarding  the 
urorosein  reaction  as  due  to  the  formation  of  nitroso-indolacetic 
acid. 

Methods  of  Testing  Urine  for  the  Presence  of  Indol- 
acetic Acid.  When  the  urine  contains  a  moderate  quantity  of 
indolacetic  acid — say  0.001  to  0.01  of  1  per  cent. — the  addition  of 
an  equal  volume  of  concentrated  hydrochloric  acid  and  the  careful 
addition  of  a  few  drops  of  a  0.2  per  cent,  solution  of  potassium 
nitrite  suffices  to  bring  out  the  urorosein  reaction  in  an  unmis- 
takable manner.  Where  the  quantity  is  smaller,  or  where  other 
coloring  matters  exist  in  the  urine,  it  may  be  less  easy  to  establish 
the  presence  of  indolacetic  acid.  Wlienever  any  doubt  exists  as  to 
the  nature  of  the  reaction  suspected  to  depend  on  indolacetic  acid, 
the  following  procedure  should  be  employed.  One  hundred  cubic 
centimeters  of  the  urine  should  be  evaporated  to  a  volume  of  20  c.c. 
After  cooling,  this  concentrated  urine  should  be  carefully  filtered. 
The  filtrate  is  acidified  with  1  c.c.  of  a  10  per  cent,  solution  of  phos- 
phoric acid.  This  acidified  and  concentrated  urine  is  now  placed 
in  a  separatory  funnel  and  extracted  with  40  to  50  c.c.  of  ether.  It 
is  not  necessary  to  shake  the  funnel  for  more  than  five  minutes,  as 
any  indolacetic  acid  that  may  be  present  will  promptly  pass  in  large 
part  into  the  ether.  After  allowing  the  contents  of  the  funnel  to 
stand  until  a  good  separation  takes  place  between  the  urine  and  the 
ether,  the  ethereal  extract  is  drawn  off  and  evaporated  on  the  water 
bath.  The  residue  is  taken  up  in  5  c.c.  of  water,  and  to  this  solution 
is  now  applied  the  test  with  concentrated  hydrochloric  acid  and 
potassium  nitrite.  It  frequently  happens  that  urines  which  show 
only  a  moderate  and  obscure  urorosein  reaction,  when  the  test  is 
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applied  directly  to  them,  yield  an  ethereal  extract  which  gives  a 
beautiful  and  typical  reaction.  With  some  urines  there  is  difficulty 
in  making  a  clean  separation  of  the  ethereal  layer,  owing  to  the  for- 
mation of  an  emulsion,  and  in  such  cases  a  good  separation  can  be 
brought  about  by  the  use  of  the  centrifuge. 

Urines  which  contain  an  abundance  of  indican  develop  enough 
indigo  on  oxidation  with  a  nitrite  to  obscure  the  reaction  dependent 
on  indolacetic  acid.  The  indigo  that  is  separated  may  advan- 
tageously be  removed  from  the  solution  by  shaking  with  chloroform. 
The  supernatant  fluid  then  shows  the  characteristic  rose  color  due 
to  the  oxidation  of  the  indolacetic  acid,  and  after  decanting  this 
colored  urine  the  color  may  be  shaken  out  into  amyl  alcohol.  Indigo 
red,  as  well  as  indigo  blue,  passes  over  into  chloroform  if  the  former 
happens  to  be  present  with  the  latter,  and  in  all  cases  in  which 
indoxyl  derivatives  are  present  in  the  urine  it  is  best  to  concentrate 
the  latter  and  extract  with  ether  as  above  described. 

It  is  necessary  to  use  some  care  in  employing  the  nitrites  for  the 
development  of  the  urorosein  reaction.  Even  urines  which  contain 
no  indoxyl  potassium  sulphate  (if  one  may  judge  by  the  inability  to 
obtain  indigo  by  means  of  the  ordinary  reagents,  such  as  Ober- 
meyer's)  may  develop  a  purple  or  violet  color  in  place  of  the  typical 
rose-red  color.  This  variation  in  color  from  the  typical  rose-red 
has  been  found  in  some  instances  to  be  due  wholly  to  the  mode  of 
oxidation  with  potassium  nitrite.  This  is  very  clearly  indicated 
where,  through  the  cautious  addition  of  nitrite,  the  typical  rose-red 
color  is  developed  in  the  upper  portion  of  the  test-tube,  whereas,  the 
violet  color  appears  in  the  lower  part  where  oxidation  is  less  active, 
all  transitional  tints  being  observed  between  these  two  levels.  As 
already  stated,  it  is  preferable  to  add  the  nitrites  in  very  dilute 
solutions  after  strong  hydrochloric  acid  has  been  added  to  the  urine 
(or  the  extract  of  the  urine),  instead  of  previous  to  the  addition  of 
the  hydrochloric  acid. 

I  have  observed  a  few  instances  in  which  the  mere  addition  of 
concentrated  hydrochloric  acid  to  the  urine  has  been  followed  by 
the  appearance  of  an  intense  greenish  blue  or  blue  color,  due  to 
the  presence  of  indigo.  This  phenomenon  has  been  observed  by 
me  only  in  urines  obtained  from  children  suffering  from  severe 
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gastro-enteritis,  although  I  have  occasionally  seen  slighter  mani- 
festations of  the  same  phenomenon  in  the  urines  of  adults.  In 
the  cases  where  this  development  of  indigo  has  occurred  the  excess 
of  hydrochloric  acid  employed  has  always  been  great.  In  such 
cases  the  indigo  must  be  shaken  out  with  chloroform  before  the 
addition  of  the  nitrite,  or,  preferably,  the  urine  should  be  extracted 
with  ether. 

The  quantitative  estimation  of  indolacetic  acid  can  only  be  made 
with  considerable  difficulty,  and  I  shall  not  here  discuss  the  tech- 
nique to  be  employed  in  the  endeavor  to  recover  the  greater  part  of 
the  indolacetic  acid  present  in  the  urine.  The  greater  part  may, 
however,  be  recovered  by  suitable  methods  of  extraction.  For 
practical  purposes  it  suffices  to  dilute  the  urine  in  any  case  of  marked 
indolaceturia  to  a  point  at  which  it  no  longer  gives  a  trace  of  uro- 
rosein  on  the  addition  of  hydrochloric  acid  and  potassium  nitrite. 
The  dilution  required  to  cause  a  disappearance  of  the  reaction  can 
then  be  compared  with  the  dilution  at  which  an  indolacetic  acid 
solution  of  known  strength  ceases  to  give  the  reaction.  It  has  been 
found  by  experiment  that  indolacetic  acid  in  a  solution  holding  one 
part  of  the  acid  in  one  hundred  thousand  parts  of  water  still  gives  a 
faint  color  reaction.  The  highest  estimated  percentage  of  indol- 
acetic acid  in  any  urine  yet  observed  by  us  has  been  0.05,  or  one-half 
gram  to  the  liter. 

Clinical  States  Associated  with  the  Presence  of  Int)ol- 
ACETURiA.  A  thorough  study  of  the  clinical  states  associated  with 
indolaceturia  has  not  yet  been  made  The  systematic  search  for  the 
presence  of  indolacetic  acid  in  the  urine  through  the  use  of  strong 
hydrochloric  acid  and  potassium  nitrite  will  certainly  bring  to  light 
many  instances  of  indolaceturia  which  would  be  overlooked  where 
strong  hydrochloric  acid  is  alone  employed.  The  most  pronounced 
examples  of  indolaceturia  that  have  come  to  my  notice  have  been  in 
urines  from  patients  with  diabetes,  typhoid  fever,  or  chronic  enteritis. 
I  have  observed  a  strong  reaction  for  indolacetic  acid  in  somecases  of 
jaundice.  Rosin  found  the  urorosein  reaction  to  be  strong  in  many 
cases  of  pulmonary  phthisis,  and  Garrod  observed  it  in  the  urine  of 
chlorotic  patients.  I  believe  that  small  quantities  of  indolacetic 
acid  in  the  urine  are  common  amoncr  chronic  disorders  of  digestion. 
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Various  observers  have  noticed  the  occurrence  of  the  urorosein 
reaction  in  osteomalacia,  nephritis,  carcinoma,  ulcer  of  the  stomach, 
and  perityphilitis.  Dr.  Baldwin  has  noted  a  strong  reaction  in  the 
urine  of  a  patient  suffering  from  the  vomiting  of  pregnancy. 

For  reasons  v^hich  will  appear  in  connection  with  the  discussion 
of  the  pathological  significance  of  indolaceturia  it  is  clearly  desirable 
that  in  routine  examinations  of  the  urine  the  tests  for  indolacetic 
acid  should  be  applied.  It  is  also  desirable  that  a  record  should 
be  kept  of  the  relationship  existing  between  the  intensity  of  the 
reaction  for  indolacetic  acid  and  the  intensity  of  the  reaction  for 
indigo  blue. 

The  Physiological  and  Pathological  Significance  of  In- 
dolaceturia. An  insight  into  the  physiological  and  pathological 
significance  of  indolaceturia  has  been  made  possible  by  the  re- 
searches of  Hopkins  and  Cole,^  and  of  Ellinger,'  on  the  constitution 
of  tryptophan.  Tryptophan,  which  may,  with  a  high  degree  of 
probability,  be  considered  as  indolaminopropionic  acid,  rather 
than  as  skatolamino-acetic  acid,  is  set  free  early  in  tryptic  digestion 
of  proteids.  Normally,  it  is  promptly  absorbed  from  the  intestine, 
and  either  burned  in  the  body  with  the  formation  of  products  not 
at  present  known,  or  appropriated  in  some  synthetic  process.  Any 
obstacle  or  delay  in  the  absorption  of  tryptophan  favors  decompo- 
sition by  intestinal  bacteria.  B.  coli  certainly,  and  B.  bifidus  prob- 
ably, is  able  to  form  indolacetic  acid  from  tryptophan.  It  is  certain 
also  that  many  bacterial  symbiotic  combinations  in  the  intestine  are 
able  to  make  indolacetic  acid  from  tryptophan.  It  is  noteworthy 
that  indolacetic  acid  is  liable  to  be  absorbed  as  such  when  it  has 
once  been  formed  in  the  intestinal  tract,  and  it  is  further  noteworthy 
that  this  substance  is  relatively  resistant  to  the  ordinary  biological 
processes  of  oxidation.  Hence  it  is  not  surprising  that  the  decom- 
position of  tryptophan  in  the  intestinal  tract  should  be  followed  by 
the  appearance  of  indolacetic  acid  in  the  urine.  The  acid  probably 
appears  in  the  urine  as  the  salt  of  some  common  base,  and  does  not 

1  The  Constitution  of  Tryptophane  and  the  Action  of  Bacteria  upon  It,  Jour,  of  Physiol., 
1903,  xxix,  451. 

2  Ueber  die  Constitution  der  Indol  Gruppe  im  Eiweiss  (Synthese  der  sogen  Skatolcarbon- 
saiire)  und  die  Quelle  der  Kynurensaure,  Berl.  d.  deutsch.  chem.  Gesellsch.,  May  4,  1906, 
No.  7.  p.  1802. 
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undergo  anv  pairing  with  sulphuric  acid  or  glycuronic  acid.  At 
present,  at  least,  there  is  no  evidence  that  such  pairing  occurs. 

As  both  indol  and  indolacetic  acid  are  derived  from  tryptophan, 
and  from  tryptophan  only,  it  is  plain  that  there  must  be  a  reciprocal 
relation  between  the  formation  of  indolacetic  acid  and  of  indol. 
Thus,  if  the  indol  production  from  tryptophan  be  large,  the  oppor- 
tunity for  the  production  of  indolacetic  acid  will  be  less  than  would 
otherwise  be  the  case,  and,  vice  versa,  if  indolacetic  acid  be  formed 
in  large  amounts,  there  is  less  opportunity  for  the  production  of 
indol,  since  there  is  at  the  present  time  no  evidence  that  indol  is 
ever  derived  from  indolacetic  acid.  Only  where  the  tryptophan 
available  is  abundant  in  the  intestine  as  the  result  of  delayed 
absorption  can  we  expect  to  get  both  indol  and  indolacetic  acid 
in  abundance. 

Clinical  experience  is  wholly  in  harmony  with  this  view.  AMiere 
indolaceturia  is  most  marked  mdicanuria  is  not  apt  to  reach  the 
high  grades  of  intensity  sometimes  observed  where  indolaceturia 
is  absent.  On  the  other  hand,  indicanuria  of  the  most  intense  type 
is  not  apt  to  be  associated  with  the  highest  degree  of  indoluria.  In 
one  patient  whom  I  have  long  had  imder  observation  there  was  at 
one  time  a  persistent  and  extreme  indicanuria.  Very  slowly,  as  the 
patient  showed  improvement  in  the  digestive  trouble  to  which  he 
was  subject,  there  developed  an  intense  indolaceturia,  which  was 
long  persistent,  and  appeared  to  be  at  the  expense  of  the  indican- 
uria, since  the  latter  gradually  disappeared  wholly.  This  behavior 
is  intelligible  if  we  assume  that  the  breakdown  can  occur  only 
through  two  paths,  either  (1)  by  way  of  indolacetic  acid,  or  (2)  by 
way  of  indolpropionic  acid.  There  are  reasons  for  thinking  that 
the  latter  is  the  source  of  indol,  while  it  is  extremely  doubtful  if 
indolacetic  acid  ever  breaks  down  with  the  production  of  indol.  We 
do  not  as  yet  know  under  what  conditions  and  through  what  stages 
of  decomposition  indolpropionic  acid  yields  indol.  It  is  clear,  how- 
ever, that  indolpropionic  acid  is  much  less  stable  than  indolacetic 
acid,  and  is  more  readily  attacked  by  bacteria.  I  have  made  many 
experiments  in  order  to  see  whether  the  bacterial  breakdown  of 
indolacetic  acid  will  yield  indol,  and  have  never  been  successful  in 
obtaining  indol  from   this   resistant   substance,  even   when   it   has 
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been  exposed  to  the  action  of  powerful  indol  producers.  This  fact 
streno^thens  me  in  the  beHef  that  indol  is  derived  from  indol- 
propionic  acid,  and  not  from  indolacetic  acid. 

Although  there  is  no  evidence  that  indolacetic  acid  yields  indol 
through  the  action  of  bacteria,  it  is  probable  that  under  special 
conditions  it  does  give  rise  to  skatol.  I  have  made  numerous 
observations  with  culture  media  containing  indolacetic  acid,  but  no 
substance  capable  of  yielding  tryptophan,  in  the  hope  of  obtaining 
skatol  through  the  action  of  anaerobic  skatol  producing  bacteria. 
I  have,  however,  failed  to  obtain  up  to  the  present  time  any  un- 
equivocal evidence  of  the  origin  of  skatol  from  indolacetic  acid 
by  means  of  bacteria.  There  remains,  however,  the  important 
fact  that  through  potash  fusion,  and  through  the  mere  heating  of 
indolacetic  acid  slightly  above  its  melting  point,  this  substance 
decomposes  into  skatol  and  carbon  dioxide.  For  these  reasons 
it  is  chemically  reasonable  that  skatol  should  be  derived  from 
indolacetic  acid. 

It  is  thought  by  some  investigators  that  the  urorosein  of  the  urine 
is  identical  with  skatol-red,  which  is  a  coloring  matter  derivable  by 
the  addition  of  strong  hydrochloric  acid  to  the  urine  of  animals  or 
patients  that  have  been  fed  on  skatol.  Thus,  Porchet  and  Her- 
vieux^  have  recently  maintained  that  urorosein  and  skatol-red  are 
identical.  They  base  this  contention  mainly  on  the  fact  that  the 
skatol-red  which  appears  after  the  administration  of  skatol  to  dogs 
gives  the  same  typical  spectroscopic  band  that  is  obtainable  when 
the  urorosein  pigment  is  subjected  to  spectroscopic  examination. 
I  have  elsewhere  given  in  some  detail  the  reasons  which  show  that 
skatol-red  and  the  urorosein  reaction  do  not  depend  on  the  presence 
of  the  same  mother  substance  in  the  urine. ^  Since  discussing  this 
subject  I  have  been  able  to  demonstrate  the  dependence  of  the  uro- 
rosein reaction  on  the  presence  of  indolacetic  acid  in  the  urine. 
When  this  fact  is  realized  by  the  writers  who  maintain  that  skatol- 
red  and  urorosein  are  identical,  it  is  evident  that  this  contention  will 
have  to  be  abandoned. 


1  Untersuchungen  iiber  das  Skatol,  Zeitschr.  f.  physiol.  Chem.,  1905,  xlv,  486. 
'  On  Indolacetic  Acid  as  the  Chromogen  of  the  "Urorosein"  of  the  Urine,  Jour.  Biol.  Chem., 
1908,  iv,  253. 
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The  view  that  indolacetic  acid  arises  from  the  decomposition  of 
proteids  in  the  intestinal  tract  is  supported  bv  the  fact  that  I  have 
been  able  to  obtain  from  the  intestinal  contents  of  a  patient  showing 
a  marked  indolaceturia  a  substance  showing  the  reactions  for 
indolacetic  acid.  I  have  not  as  yet,  however,  had  the  time  to  pre- 
pare this  substance  from  the  intestinal  tract  in  sufficient  quantity  to 
make  melting  point  determinations  and  to  demonstrate  the  formation 
of  skatol  on  subjecting  the  substance  to  a  temperature  in  the  neigh- 
borhood of  180°  C,  these  being  the  criteria  which  serve  to  positively 
identify  indolacetic  acid.  It  is  entirely  in  harmony  with  the  view 
that  indolacetic  acid  arises  from  tryptophan  decomposition  in  the 
intestinal  tract  that  I  have  been  able  to  induce  a  strong  urorosein 
reaction  in  the  urines  of  two  healthy  subjects  who,  during  several 
days,  ate  a  large  excess  of  beef — 3000  to  4000  grams  daily.  Pre- 
vious to  the  eating  of  the  beef  in  excess,  the  urine  from  these  subjects 
failed  to  show  the  presence  of  indolacetic  acid.  ^Nly  explanation  of 
this  induced  indolaceturia  is  that  in  both  instances  the  presence  of 
such  large  quantities  of  proteid  m  the  intestine  gave  rise  to  a  delay 
in  the  absorption  of  trypophan  formed  through  digestive  proteo- 
lysis, and  that,  in  consequence  of  this  delay,  indolacetic  acid  was 
formed  through  the  action  of  bacteria  upon  tryptophan.  This 
observation  leads  me  to  suspect  that  there  are  instances  of  patho- 
logical conditions  in  which  the  excessive  use  of  proteins  is  at  least  a 
factor  in  the  development  of  indolaceturia.  I  would  refer  in  this 
connection  particularly  to  two  types  of  cases,  namely,  diabetes  and 
certain  instances  of  chronic  intestinal  indigestion  in  children.  In 
diabetes  there  is  a  tendency  for  patients  to  restrict  themselves  in 
carbohydrates  and  to  compensate  for  that  restriction  by  increasing 
the  fat  and  protein  intake.  The  protein  intake,  under  these  con- 
ditions, may  be  50  or  100  per  cent,  greater  than  would  be  the  case  in 
health.  The  same  thing  is  true  of  a  group  of  cases  of  chronic 
intestinal  indigestion  in  children,  in  which  it  is  impossible  to  take 
more  than  very  small  quantities  of  carbohydrates  without  exces- 
sive and  detrimental  fermentation.  These  cases,  moreover,  are 
frequently  unable  to  tolerate  fats  in  normal  amounts.  Under 
such  conditions  the  physician  tends  to  recommend  a  diet  rich  in 
protein. 

Am  Phys  17 


258  herter:  on  indolaceturia 

It  thus  appears  probable  that  the  excessive  feeding  of  proteins 
may  be  concerned  with  the  development  of  indolaceturia.  I  do  not, 
however,  maintain  that  this  is  essentially  the  cause  of  the  indol- 
aceturia in  the  two  classes  of  cases  just  mentioned.  For  I  have  met 
with  the  phenomenon  in  persons  who  are  taking  no  excess  of  protein 
food.  ^loreover,  in  pathological  cases  of  indolaceturia  in  which  the 
protein  food  has  been  restricted  the  indolaceturia  may  be  still  per- 
sistent. It  is  thus  clear  that  while  the  intake  of  a  large  amount 
of  protein  is  a  factor  highly  favorable  to  the  development  of  in- 
dolaceturia, the  occurrence  of  this  condition  must  be  regarded 
as  depending  rather  upon  delayed  absorption  of  tryptophan  and 
suitable  bacterial  conditions  than  upon  mere  overfeeding  with 
proteins. 

Assuming  that  the  hypothesis  set  forth  in  this  paper  is  correct, 
and  that  both  indolacetic  acid  and  the  indol  formed  in  the  intestinal 
tract  are  derived  from  tryptophan  through  the  action  of  bacteria,  the 
fact  remains  still  to  be  accounted  for  that  sometimes  the  decomposi- 
tion of  tryptophan  yields  mainly  indolacetic  acid  and  at  other  times 
mainly  indol.  I  am  at  present  unable  to  offer  a  satisfactory  expla- 
nation for  this  selective  breakdown  of  tryptophan.  As  is  well  known, 
bacteria  of  the  B.  coli  group  are  capable  of  clearing  tryptophan  to 
indol,  and,  as  already  mentioned,  it  was  shown  by  Hopkins  and  Cole 
(an  observation  confirmed  by  Dr.  Dakin  and  myself)  that  these 
organisms  are  able  to  form  indolacetic  acid  from  tryptophan.  It  is 
doubtless  true  that  in  the  intestinal  tract  the  bacteria  associated  with 
the  colon  bacilli  play  a  part  in  determining  the  direction  of  the  main 
cleavage  of  trj-ptophan,  and  I  think  it  possible  that  through  care- 
ful study  of  the  symbiotic  action  of  bacteria  upon  this  substance 
it  w'ill  be  possible  to  gain  an  insight  into  the  different  bacterial  con- 
ditions that  determine  the  production  of  indolacetic  acid  rather  than 
indol. 

It  is  not  my  intention  here  to  discuss  the  pathological  conse- 
quences of  indolaceturia.  I  may,  however,  point  out  the  fact  that 
since  indolacetic  acid  is  not  paired  in  the  organism  like  indol  and 
skatol  and  phenol,  it  may  have  an  opportunity  to  act  directly  upon 
the  nervous  system  when  absorbed  in  considerable  quantities.  Dr. 
Lee,  who  has  interested  himself  in  the  effects  of  indol  and  skatol  on 
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muscle  fatigue,  has  kindly  offered  to  study  the  effects  of  indolacetic 
acid  upon  the  living  muscular  substances.  A  comparison  of  the 
action  of  indolacetic  acid  upon  both  the  muscle  functions  and  the 
functions  of  the  central  nervous  system  with  the  effects  produced  by 
indol  and  skatol  is  thus  a  distinct  desideratum.  I  have  not  as  yet 
had  sufficient  experience  in  the  therapeutic  modification  of  indol- 
aceturia  to  express  any  opinion  as  to  the  best  method  of  ridding  the 
organism  of  this  condition,  but  in  any  scheme  of  treatment  the 
diminution  of  protein  food  would  have  to  be  considered. 
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I  PROPOSE  in  this  paper  to  describe  some  of  the  leading  features 
of  an  obscure  affection  of  childhood,  with  the  study  of  which  I  have 
been  for  several  years  engaged,  but  of  whose  nature  I  have  only 
recently  been  able  to  form  a  reasonably  satisfactory  conception. 
This  pathological  state  is  marked  by  a  striking  general  retardation 
in  the  growth  of  the  body,  implicating  the  skeleton,  the  muscles,  and 
the  organs,  while  permitting  a  relatively  fair  development  of  the 
brain.  The  material  on  which  the  present  description  is  based  con- 
sists of  five  cases  of  intestinal  infantilism,  which  I  regard  as  typical 
and  fully  developed  examples  of  this  distinctive  state.  And  in  addi- 
tion to  these  cases  I  have  studied  five  others  of  shorter  duration  and 
subacute  course,  which  I  am  disposed  to  consider  as  instances  of 
intestinal  infection  capable  of  giving  rise  to  pronounced  infantilism 
when  the  former  condition  has  persisted  through  many  months. 
With  the  exception  of  two  of  the  cases  comprising  these  two  groups,  I 
owe  to  Dr.  L.  E.  Holt  the  opportunity  to  study  these  patients.  He 
has  helped  me  by  freely  placing  at  my  disposal  his  full  clinical  notes 
and  by  giving  me  access  to  his  patients.  In  several  instances  the 
patients  have  been  observed  by  Dr.  Holt  and  myself  conjointly 
•during  a  period  of  years  under  varymg  dietetic  conditions.  The 
definite  character  of  the  symptom  complex  to  be  described  in  this 
paper  has  long  been  recognized  by  Dr.  Holt,  who  has  interested  me 
.in  the  present  investigation. 


herter:  infantilism  from  intestinal  infection        261 

I  am  also  under  obligations  to  the  Rockefeller  Institute  for  Medical 
Research,  especially  during  the  past  year,  for  aiding  me  with  facilities 
for  engaging  in  the  extremely  complex  bacteriological  problems  with 
which  this  study  was  beset.  I  am  especially  indebted  to  ^Ir.  A.  I. 
Kendall,  Fellow  of  the  Rockefeller  Institute,  for  teclmical  help. 

It  has  not  been  possible  to  investigate  with  equal  thoroughness  all 
the  cases  of  intestinal  infantilism  that  constitute  the  basis  of  this 
paper.  In  some  instances  attention  has  been  given  especially  to 
certain  limited  aspects  of  the  pathological  problem,  while  in  other 
cases  study  has  been  especially  focussed  on  other  features;  but  in 
three  instances  the  investigations  have  had  a  wider  and  more  repre- 
sentative aim.  In  two  of  these  three  instances  the  patients  have 
been  imder  my  personal  observation  during  periods  of  many 
months,  and,  through  close  attention,  it  has  been  possible  to  detect 
and  to  follow  with  unusual  detail  numerous  manifestations  of  the 
morbid  process.  I  shall  not  undertake  in  the  present  publication 
to  give  full  individual  histories  of  the  cases  observed,  but  shall 
merely  give  very  brief  outlines  embodymg  the  chief  clinical  data, 
and  to  these  outlines  such  references  will  be  made  from  time  to  time 
as  may  serve  to  illustrate  the  various  points  under  discussion. 

Case  I. — Male,  aged  eight  years.  Older  sister  in  good  health.  Normal 
infancy,  with  average  growth.  During  third  year  reached  weight  of  31  pounds. 
At  this  time  irregularities  of  digestion,  especially  periods  of  diarrhea  with 
mucus.  Gradual  loss  of  weight,  increasing  abdominal  distention,  carbohydrate 
intolerance,  and  fat  diarrhea.  Between  third  and  seventh  years  weight  did  not 
exceed  31  pounds.  Usually  loses  in  summer,  gains  in  winter;  weight  usually 
between  25  and  28  pounds.  ^Moderate  anemia.  Increasing  lassitude.  Drowsi- 
ness during  day.  Walking  difficult.  Rapid  onset  of  fatigue.  Peevishness, 
emotional  instability;  slight  signs  of  rickets.  Appetite  nearly  always  keen, 
^lany  dietetic  experiments  tried  between  third  and  seventh  years,  with  little 
success.  ^lovements:  several  daily,  soft,  volimiinous,  gray,  fatty,  gaseous,  odor 
indolic,  reaction  usually  slightly  acid  or  neutral.  !Mucus  variable,  at  times  very 
abundant,  in  masses  on  surface  or  mixed  with  feces.  Urine  rich  in  indican  and 
phenol.  Aromatic  oxyacids  not  markedly  excessive.  During  last  year,  gradual 
decrease  in  indican.  Reactions  for  indolacetic  acid  very  marked.  November, 
1907,  weighed  25  pounds;  height,  36  inches.  Careful  dietetic  and  hygienic 
measures  instituted.  Next  four  months  slight  gains  and  losses  in  weight,  but  no 
material  improvement  in  weight,  though  decided  improvement  in  character  and 
frecjuency  of  stools  and  diminution  in  signs  of  intoxication.     From  ^larch,  1907. 
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to  July,  1908,  uninterrupted,  somewhat  uneven  gain  in  weight  to  31  pounds. 
Also  gain  in  height  (about  1  inch).  Movements  became  entirely  normal  in 
color,  consistence,  and  frequency.  Urine  shows  striking  reduction  in  putre- 
factive products.  Mental  and  emotional  condition  greatly  improved.  Expres- 
sion animated.  Physical  activity  greatly  increased,  walking  fair  for  considerable 
distances.  Abdominal  distention  much  diminished.  During  past  six  months 
there  has  been  a  radical  alteration  in  the  bacterial  flora  of  the  large  intestine, 
marked  by  the  establishment  of  B.  lactis  aerogenes  and  B.  coli.  Still  remains 
very  sensitive  to  carbohydrates,  even  a  slight  increase  being  quickly  followed  by 
large  fermentative  movements. 

Case  II. — Female,  aged  nine  years.  Two  older  children  always  well.  Nor- 
mal infancy;  nursed  during  early  months.  At  end  of  second  year  irritant 
medication  followed  by  gastritis  lasting  several  days,  and  only  slowly  subsiding. 
Present  illness  dates  from  this.  Slight  signs  of  rickets  somewhat  antecedent  to 
the  gastritis.  By  third  year  nutrition  was  impaired  and  development  became 
much  retarded.  Child  markedly  undersized,  head  slightly  rachitic,  digestive 
tract  irritable,  carbohydrates  very  badly  tolerated,  fat  absorption  much  im- 
paired, and  abdomen  much  distended.  By  fourth  year  walking  still  very  imper- 
fect and  child  much  undersized.  Weight  at  this  time  not  recorded,  but  nutrition 
much  impaired  and  remained  so  during  fourth,  fifth,  and  sixth  years.  Tlirough- 
out  this  time  there  were  moderate  anemia,  fat  diarrhea,  grayish,  voluminous, 
gas-holding,  indolic  stools.  Urine  regularly  gave  intense  indican  reactions. 
Ethereal  sulphates,  phenols,  and  aromatic  oxyacids  regularly  much  increased, 
micturition  often  extremely  frequent.  During  this  entire  period  emotional  insta- 
bility, peevishness,  great  physical  languor,  walking  quickly  followed  by  fatigue. 
In  sixth  year,  after  more  than  a  year  of  careful  regulation  of  diet,  gradual  im- 
provement in  nutrition  and  gain  in  physical  strength,  with  slow  disappearance 
of  neuromuscular  disorders.  Simultaneously  gradual  diminution  of  putrefactive 
products  in  urine  and  pronounced  improvement  in  feces,  which  became  formed, 
colored,  of  normal  fat  content,  and  nearly  free  from  indol  and  phenol.  Gradual 
appearance  of  B.  lactis  aerogenes  and  B.  coli  in  large  numbers  in  the  feces.  At 
six  and  one-half  years  weight  rose  to  45  pounds.  During  next  year  gained  2 
pounds.  During  following  year  gained  10  pounds  to  58  pounds.  During  last 
six  months  gained  7  pounds,  with  rapid  gain  in  stature.  Onset  of  epileptiform 
seizures  during  this  period,  with  return  of  putrefactive  products  in  urine. 

Case  III. — Female,  aged  about  seven  years.  Under  observation  together 
with  Dr.  L.  E.  Holt  for  past  three  years.  When  first  seen,  greatly  emaciated. 
Abdomen  much  distended,  superficial  veins  distended  markedly.  Skin  white 
and  wrinkled.  Anemia  moderate.  Head  slightly  rachitic;  well  developed. 
Extremely  emotional  and  peevish,  but  intelligent.  Movements  voluminous, 
acholic  in  appearance,  usually  two  or  three  daily;  odor  putrefactive  (indolic), 
reaction  usually  neutral  or  acid.  Fatty  acid  crystals  very  abundant,  mucus 
variable,  indol  regularly  present,  phenol  sometimes.  Diarrhea  easily  pro- 
voked by  use  of  carbohydrates.     Urine  frequently  voided,  indican  abundant, 
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phenol  and  aromatic  oxyacids  excessive.  Record  of  weight  lost,  but  child  much 
beneath  average  weight  for  about  one  year  before  observation.  Loss  in  weight 
dates  from  middle  of  third  year,  when  irregular  diarrhea  and  large  movements 
became  chronic.  During  first  two  years  under  observation  only  slight  gain  in 
weight,  but  some  improvement  in  movements  which  became  seldom  diarrheal, 
but  remained  voluminous.  During  past  year  more  rapid  gain  in  weight,  but  is 
still  markedly  under  weight.  Case  closely  resembles  Case  I,  but  infantilism  is 
somewhat  less  pronounced  in  degree.  Conditions  for  dietetic  treatment  much 
less  favorable  than  in  Case  I.  Outlook  is  now  for  decided  permanent  retardation 
in  growth.     Child  was  normal  at  birth  and  for  first  two  years. 

Case  IV. — Male,  aged  three  years.  Normal  weight  at  binh;  nursed  six 
weeks.  ^Modified  milk.  Did  well  first  year;  then  irregular  intestinal  troubles, 
diarrhea  with  mucus.  Marked  anemia  gradually  developed  (Hb.  3.5  per  cent.), 
with  great  abdominal  distention.  Appetite  poor.  Peevishness.  Slow  loss  in 
weight  from  sixteenth  month.  Movements  gray,  voluminous,  pasty.  Fatty 
acid  crystals  extremely  abundant,  indol,  but  no  skatol,  phenol  at  times.  Urine 
much  indican  usually,  also  excess  phenols  and  aromatic  oxyacids.  Many 
experiments  with  diet;  peptonized  milk,  kumyss,  egg  white,  rare  scraped  meat, 
Xestle's  food,  etc.  Appetite  capricious.  Weight  at  twenty  months,  16  pounds; 
height,  3Q|  inches;  at  twenty-seven  months,  15  pounds.  Gradually  gained  to 
17  pounds,  then  acute  slight  enterocoUtis  for  four  or  five  days.  Gradually  lost 
weight  to  less  than  15  pounds.  At  thirty-three  months,  weight  16^  pounds; 
height,  31  inches  (Hb.  34  per  cent.).  Very  slow  improvement  in  weight  and 
movements.  Xow  (three  years)  IS  pounds,  and  Hb.  61  per  cent.  Appetite 
never  satisfied;  tongue  clean  and  red.  Abdominal  distention  persists.  Spirits 
improved.  Tendency  to  diarrhea  from  carbohydrates  continues.  !Milk  re- 
mains basis  of  diet.  Improvement  probably  delayed  by  impracticability  of 
following  patient  closely. 

Case  V. — Female,  aged  nine  and  one-half  years.  Patient  of  Dr.  L.  E.  Holt. 
Third  of  four  children;  others  healthy.  Partly  nursed  three  months,  did  poorly, 
was  weaned.  Fed  on  sterilized  milk,  cream,  lime  water  rest  of  first  year.  Did 
only  fairly  well;  fat  but  pale.  Measles  at  eighteen  months,  mild.  Vaccinated 
at  two  years;  sore  healed  normally.  With  vaccination,  vomiting  and  fever. 
Troubles  of  digestion  rather  marked  ever  since.  Vomiting  and  fever  rarely, 
but  tendency  to  soft  movements  and  diarrhea,  with  occasional  constipation. 
During  fifth  and  sixth  years,  marked  irregularities  of  bowels  associated  with 
efforts  to  increase  diet.  Seizures  of  loss  of  appetite,  headache  and  loss  of 
weight,  light-colored  stools,  lasting  several  weeks.  ^larked  abdominal  disten- 
tion, tongue  coated,  breath  not  good.  Food:  a  little  bread,  milk,  and  beef  juice. 
With  every  effort  to  give  carbohydrates,  child  shows  digestive  derangements 
after  a  few  days.  At  five  and  one-half  years,  weight  21|  pounds;  height,  35 
inches.  Very  pale,  spleen,  liver,  glands  palpate  normal,  tongue  slightly  coated, 
abdomen  smaller  than  formerly;  a  small,  pathetic,  delicate  little  child,  with  no 
animation.     Sometimes  does  not  walk  for  two  or  three  months.     Remained 
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very  much  under  weight  until  nearly  nine  years  old,  with  periods  of  great  abdom- 
inal distention  and  continued  intolerance  for  carbohydrates  and  fats.  Consti- 
pation at  times,  owing  probably  to  milk  diet.  Facial  neuralgia  frequent,  anemia 
marked.  Great  listlessness.  Walks  only  a  few  steps  about  the  house.  Appe- 
tite always  excellent  now;  could  take  much  more,  but  cannot  tolerate  increased 
food.  Milk  agrees  best.  Diet  somewhat  enlarged  with  barley  broth,  baked 
potato,  butter,  tapioca  pudding.  On  this  diet  good  gain  in  weight  lately.  Gain 
to  33  pounds  at  nine  and  one-half  years,  and  rather  rapid  gain  in  height  to  38| 
inches.  Head,  20  inches,  somewhat  rachitic,  flat  type,  and  large  parietal  bones. 
Morbid  appetite  for  chalk,  dirt,  cigar  ashes,  pencils,  etc.  Urinary  indications 
of  intestinal  putrefaction  but  slight.     Anemia  still  marked. 

This  case  of  intestinal  infantilism  is  of  somewhat  different  type  from  the  others 
in  this  group.  Less  indication  of  ordinary  indolic  putrefaction,  more  tendency 
to  anemia.     Uncertainty  as  to  pathology  from  standpoint  of  bacterial  flora. 

The  symptom  complex  which  I  wish  to  describe  is  so  clearly 
definable  that  few  physicians  with  a  practice  among  children  will 
fail  to  recognize  a  few  instances  of  this  unmistakable  and  extreme 
manifestation  of  a  morbid  nutritional  process.  I  shall  group  under 
the  following  heads  the  facts  and  views  which  I  desire  to  present: 

1.  Symptoms  and  signs  of  intestinal  infantilism. 
'2.  Bacterial  flora  of  the  intestinal  tract  in  cases  of  infantilism. 

3.  Urinary  expressions  of  the  infection  underlying  infantilism. 

4.  Pathology  of  intestinal  infantilism. 

5.  Acute  and  subacute  infections  leading  to  the  establishment  of 
intestinal  infantilism. 

6.  Mild  types  of  intestinal  infantilism. 

7.  Sequelae  and  prognosis  of  intestinal  infantilism. 

8.  Therapeutic  modification  of  the  bacterial  conditions  in  intes- 
tinal infantilism. 


THE   SYMPTOMS   AND    SIGNS    OF   INTESTINAL    INFANTILISM. 

The  patients,  comprising  the  group  of  the  type  of  fully  developed 
infantilism  which  I  desire  to  describe,  varied  from  four  to  six  years 
of  age  at  the  time  when  they  first  came  under  observation.  In  each 
case  the  children  had  been  ill  for  one  year  or  longer  at  the  time  of 
their  first  observation  by  Dr.  Holt  or  by  myself,  and  had  suffered 
from  pronounced  irregularities  referable  to  the  digestive  tract.     In 
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each  case  there  was  a  history  of  periods  of  disturbed  nutrition,  with 
loss  of  weight  alternating  with  periods  of  improvement  in  nutrition 
and  gain  in  weight;  but  these  variations  ultimately  culminated  in 
each  case  in  a  state  m  which  there  was  apparently  a  complete  arrest 
of  development,  and,  although  obvious  symptoms  of  digestive  dis- 
turbance, such  as  diarrhea,  were  checked  by  suitable  treatment, 
there  remained  an  arrest  in  growth,  and  the  utmost  difficulty  was 
experienced  in  securing  any  noteworthy  increase  in  weight. 

The  clinical  features  characteristic  of  pronounced  infantilism  may 
be  divided  into  two  groups:  the  chief  or  essential  clinical  features, 
and  the  minor  or  accessory  features. 

The  chief  or  essential  clinical  features  are  the  following:  (1)  An 
arrest  in  the  development  of  the  body;  (2)  the  maintenance  of  men- 
tal powers  and  fair  development  of  the  brain ;  (3)  marked  abdomi- 
nal distention;  (4)  moderate  grade  of  anemia;  (5)  rapid  onset  of 
physical  and  mental  fatigue;  (6)  various  obtrusive  irregularities 
referable  to  the  intestinal  tract.  These  features  may  be  considered 
in  turn: 

1.  Arrest  in  Development  of  the  Body.  The  arrest  in  develop- 
ment is  the  most  strikmg  feature  of  these  cases.  In  Case  I  the 
patient  at  the  age  of  seven  years  weighed  only  25  pounds,*  and  had 
a  height  of  only  36  inches."  In  Case  V  the  patient  at  the  age  of 
nine  years  weighed  only  29  pounds.  In  this  case  the  child  was  first 
observed  at  a  time  when  some  improvement  had  set  in,  a  gain  of  2 
pounds  having  been  made  m  the  course  of  the  past  year,  but  previous 
to  this  time  the  patient  had  for  some  time  remained  in  a  stationary 
condition  as  regards  weight  and  development.  In  Case  II  there^ 
was  a  period  of  about  two  years  (from  the  third  to  the  fifth  year)  in 
which  there  was  a  striking  arrest  of  development  and  the  main- 
tenance of  a  nearly  stationary  weight,  despite  the  fact  that  the 
utmost  care  was  taken  to  insure  dietetic  conditions  favorable  to  an 
improvement  in  growth.  In  the  two  remaining  cases  exact  data  are 
lacking,  but  in  both  instances  retardation  of  growth  was  a  striking 
feature  during  a  long  period  of  time.  In  several  instances  it  was 
noticed  that  there  was  a  slight  tendency  to  improvement  in  weight 

'  Holt  gives  the  weight  for  a  boy  of  two  years  as  26.5  pounds.     The  weight  at  seven  years 
should  be  not  far  from  50  pounds. 

^  Thirty-five  inches  is  the  height  given  for  three  years. 
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during  the  winter  months,  this  tendency  to  improve  being  more  than 
overbalanced  by  losses  made  during  the  summer.  These  losses  in 
weight  were  always  attributable  to  an  increase  in  disturbances  refer- 
able to  the  intestinal  functions,  and  were  commonly  associated  with 
diarrhea.  This  diarrhea  was,  however,  not  necessarily  very  pro- 
nounced or  of  long  duration,  and  often  consisted  rather  in  an 
excessive  softening  of  the  intestinal  contents  and  increase  in  mucus 
than  in  an  acute  watery,  diarrheal  condition. 

2.  The  Maintenance  of  Mental  Powers  and  Fair  Development  of 
the  Brain.  It  is  noteworthy  that  despite  the  retardation  in  the 
general  development  of  the  organism,  the  brain  is  fairly  well  de- 
veloped in  all  of  these  cases  of  infantilism  under  observation.  Thus 
in  Case  I,  although  the  height  was  only  36  inches  and  the  weight  25 
pounds,  the  circumference  of  the  head  was  20  inches.^  Entirely 
comparable  conditions  were  noted  in  the  other  cases.  The  intel- 
ligence of  these  patients  was  in  every  instance  good,  and  contrasts 
very  strikingly  with  the  bad  physical  development.  Of  course, 
these  children  are  all  defectively  educated,  owing,  in  part,  at  least, 
to  the  physical  retardation  which  makes  it  inadvisable  or  impossible 
to  secure  even  the  ordinary  educational  opportunities.  It  is  note- 
worthy that  in  all  of  these  children  there  was  a  certain  slowness  of 
mental  action  and  perhaps  a  somewhat  greater  thoughtfulness  than 
is  usual  in  children  of  their  age.  In  replying  to  questions  these 
children  have  often  shown  some  irritability  and  peevishness,  and  in 
several  instances,  I  think,  there  is  no  doubt  that  the  mental  processes, 
subserving  self-preservation,  were  more  than  usually  acute  for  chil- 
dren of  their  ages.  It  is  possible  that  this  was  the  result  of  the 
isolation  to  which  all  of  these  patients  had  been  subjected  and  of 
an  inability  to  enter  into  the  play  of  children  of  the  same  age.  The 
necessity  for  living  very  carefully  and  obeying  the  directions  of  the 
physicians  and  nurses  has  tended  to  make  these  children  somewhat 
introspective  as  regards  their  own  ailments  and  to  form  the  basis  of 
what  might,  with  increasing  consciousness,  develop  in  after  life  into 
a  hypochondriacal  condition.  In  all  of  the  patients  periods  of  lan- 
guor have  been  very  noteworthy  during  the  time  of  arrested  physical 

1  Holt  gives  19.7  inches  for  the  circumference  of  the  male  head  at  four  years;  20.5  inches 
at  five  years. 
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development.  Freciuently  for  hours  at  a  time  they  show  little  or 
no  desire  to  play  or  to  speak,  and  their  faces  at  these  times  look 
pinched  and  distressed.  There  has  been  no  difficulty  in  any  of  these 
cases  in  teaching  the  children  to  be  cleanly,  and  there  is  no  doubt 
that  what  they  have  lost  in  the  direction  of  spontaneity  and  pla^'ful- 
ness  as  the  result  of  disease  has  been  in  a  measure  compensated  by 
an  improved  self-control,  which,  in  the  case  of  diet,  has  come  to 
amount  almost  to  automatism. 

3.  Marked  Abdominal  Distention.  Marked  abdominal  disten- 
tion due,  in  part,  to  a  distention  of  the  colon  with  gas,  and  probably 
also  to  distention  of  the  small  intestine,  has  been  a  feature  of  these 
cases.  The  distention  has  varied  somewhat  from  time  to  time,  but 
there  have  been  long  periods  in  each  case  in  which  the  distention 
showed  little  variation,  and  a  return  to  normal  abdominal  conditions 
was  never  witnessed.  As  these  patients  gradually  improved  in 
physical  condition  under  suitable  dietetic  treatment,  the  distention 
gradually  became  less.  This  condition  of  distention,  when  once 
established,  is  not  necessarily  accompanied  by  any  intestinal  or  gas- 
tric flatulence,  in  the  sense  of  actual  passing  of  considerable  quan- 
tities of  gas.  It  appears  that  the  abdominal  distention  was  preceded 
in  each  case  by  a  period  in  which  gas  formation  had  been  active  and 
flatulence  pronounced,  but  that  after  a  time  partial  paralysis  of  the 
gut  sets  in  which  permits  the  accumulation  of  gas,  even  though  the 
latter  be  not  necessarily  formed  in  great  excess.  The  abdominal 
veins  are  frequently  markedly  dilated,  especially  over  the  upper 
part  of  the  abdomen. 

4.  Moderate  Anemia.  In  all  of  the  five  cases  of  infantilism  which 
v\'ere  studied,  moderate  anemia  was  a  feature.  The  hemoglobin  was 
diminished  to  75  to  60  per  cent,  in  Cases  I,  II,  and  III  without  a  corre- 
sponding diminution  in  the  number  of  red  blood  cells.  In  two  in- 
stances, however  (Cases  IV  and  V),  the  anemia  was  considerably 
more  pronounced,  and  in  Case  V  was  a  long  persistent  feature  of  the 
disease.  In  the  latter  instance  the  hemoglobin  was*  at  one  time 
only  22  per  cent.,  and  there  was  a  moderate  diminution  in  the  num- 
ber of  red  blood  cells.  In  all  of  these  cases  there  is  reason  to  think 
that  the  volume  of  blood  is  at  least  modCTately  below  what  it  should 
be  for  a  child  of  the  same  weight.     This  suspicion  is  based  on  the 
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pallor  of  the  body  and  the  extremities,  which  may  be  much  out  of 
proportion  to  the  fall  in  hemoglobin.  The  white  blood  cells  were 
examined  in  Case  I.  No  noteworthy  departures  from  the  normal 
were  noted/ 

5.  Rapid  Onset  of  Fatigue.  A  characteristic  feature  of  these  cases 
of  infantilism  is  the  rapid  onset  of  muscular  fatigue.  Indeed,  it 
would  probably  be  more  accurate  to  say  that  the  muscles  are  never 
thoroughly  rested  and  that  a  state  of  fatigue  is  chronic.  The  older 
children,  at  the  height  of  the  developmental  arrest,  are  unable  to 
walk  more  than  a  few  blocks  without  being  thoroughly  tired.  They 
are  also  unable  to  walk  up  and  down  stairs.  Learning  to  walk  is  a 
slow  and  discouraging  process.  In  Case  II  the  child  did  not  learn 
to  stand  until  it  was  more  than  four  years  old,  up  to  which  time  it 
crept  languidly  on  the  floor.  During  the  fifth  year  it  learned  to  walk 
with  great  difficulty.  Essentially  the  same  condition  existed  in 
Cases  III,  IV,  and  V.  It  is  to  be  noted  that  the  muscles  are  soft  and 
flabby  in  these  cases  of  infantilism.  The  readiness  with  which 
mental  fatigue  comes  on  has  always  been  commented  upon.  As 
will  be  seen  later,  in  a  discussion  of  the  pathology  of  this  condition, 
there  is  good  evidence  for  believing  that  both  the  muscular  and 
mental  fatigue  are  the  result  of  a  chronic  intoxication. 

6.  Disturbances  of  Intestinal  Function.  One  of  the  most  striking 
and  characteristic  features  of  infantilism  has  to  do  with  the  dis- 
turbance incidental  to  intestinal  function.  Although  such  disturb- 
ances may  be  reduced  to  a  minimum  through  very  careful  feeding,, 
the  dietaries  of  these  children  are  usually  such  when  they  come  under 
the  observation  of  physicians  that  they  show  very  obvious  disorders- 
of  function.  Diarrhea  was  a  feature  of  all  of  the  cases  with  which 
this  report  deals.  Pronounced  watery  diarrheal  attacks  are,  how- 
ever, comparatively  rare.  Much  more  frequent  are  the  disturbances, 
manifesting  themselves  by  the  appearance  of  soft  stools  containing 
an  abundance  of  neutral  fat,  soap,  and  fatty  acid  crystals.  The 
excess  of  fat  is  often  sufficiently  great  to  constitute  a  condition  of 

1  An  examination  made  December  30,  1907,  by  Dr.  Baldwin  gave  the  following  results: 
Leukocytes,  5000;  small  mononuclears,  33  per  cent.;  large  mononuclears,  1  per  cent.;  eosino- 
philes,  1  per  cent.;  polymorphonuclears,  62  per  cent.;  transitionals,  3  per  cent.  An  exami- 
nation made  April  22,  1908,  gave  the  following:  Leukocytes,  6000;  small  mononuclears^ 
35  per  cent.;  large  mononuclears,  2  per  cent.;  eosinophiles,  3  per  cent.;  polymorphonuclears 
HI  per  cent.;  myelocytes,  6  per  cent.;  transitionals,  3  per  cent. 
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true  steatorrhea,  if  thereby  we  imply  a  loss  of  fat  serious  to  nutri- 
tion. During  a  part  of  the  time  the  stools  are  not  of  abnormal  fre- 
quency. Nevertheless,  they  contain  an  excess  of  fat  unless  the  diet 
is  especially  regulated  with  a  view  to  reducing  its  fat  content.  Dur- 
ing exacerbations  of  the  diarrheal  disturbance  the  patients  are  in 
especially  poor  condition,  losing  weight  and  suffering  from  cold 
h&,nds  and  feet,  and  showing  a  pinched  appearance.  These  diar- 
rheal disorders,  though  often  of  short  duration,  may  also  cause 
marked  prostration,  and  on  many  days  the  patients  are  so  much 
enfeebled  as  to  get  about  with  greatly  increased  diflBculty.  With  the 
cessation  of  the  diarrhea  there  is  a  tendency  to  rapid  recovery, 
although  a  loss  in  weight  of  half  a  pound  or  a  pound  may  not  be 
regained  for  several  weeks.  The  details  relating  to  the  morphological 
and  chemical  characters  of  the  intestinal  contents  will  be  discussed 
in  another  section  of  this  paper. 

Among  the  minor  or  accessory  clinical  features  observed  in  our 
cases  of  infantilism  are  to  be  included  sweating  about  the  head 
during  sleep,  excessive  appetite,  somewhat  excessive  thirst  and  con- 
sequent increase  in  the  urine,  various  indications  of  nervous  insta- 
bility and  an  habitually  subnormal  temperature,  with  cold  and  pale 
hands  and  feet.  In  three  of  the  cases  (Cases  I,  II,  and  V)  the 
sweating,  especially  of  the  skin  of  the  head,  was  for  a  time  well 
marked,  but  this  symptom  very  soon  disappeared  with  return  of 
strength.  i\ji  excessive  appetite,  at  least  at  certain  times,  was  a 
feature  in  all  the  cases.  Occasionally,  especially  during  the  diar- 
rheal periods,  there  is  loss  of  appetite;  but  the  maintenance  of  a 
large  appetite  is  a  feature  in  these  cases.  A  similar  readiness  to 
take  food  has  been  noticed  in  the  subacute  affections  which,  begin- 
ning in  early  infancy,  lead  to  the  state  of  infantilism.  The  abnormal, 
sometimes  even  voracious,  appetite  is  probably  due  to  the  condition 
of  chronic  enteritis  which  exists  in  these  patients,  and  is  probably 
similar  in  its  origin  to  an  increase  in  appetite  observed  in  some 
neurasthenic  adults.  The  nervous  instability  is  shown  in  some  of 
these  patients  by  rapid  variations  in  temper  from  insignificant 
causes.  In  one  instance  (Case  I)  there  was  also  a  tendency  to 
urticarial  outbreaks,  which  occurred  from  time  to  time  without 
definitely  assignable  cause.     In  another  case  (Case  II)  there  devel- 
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oped  attacks  of  petit  mal,  which,  as  will  afterward  be  more  fully 
stated,  gave  way  to  epileptiform  seizures  of  grand  mal. 

In  four  of  the  five  cases  of  infantilism  there  were  very  slight  indi- 
cations of  rickets,  but  it  may  be  said  in  general  that  the  signs  of 
rickets,  if  present  at  all,  do  not  form  part  of  the  symptom  complex 
at  present  under  discussion.  Outside  the  present  group  I  have 
seen  well-marked  instances  which  showed  no  signs  of  rickets. 
There  are  no  striking  pulmonary  or  circulatory  peculiarities  in  these 
cases.  The  pulse  is  usually  regular  when  the  patients  are  quiet,  of 
low  tension,  and  small  in  volume.  The  pulse  is  unduly  accelerated 
by  slight  activity  or  slight  exterior  nervous  stimuli.  Abnormalities 
of  the  spleen,  liver,  or  thyroid  have  not  been  detected.  In  one  case 
(Case  I)  there  was  slight  enlargement  of  the  posterior  cervical 
glands.  A  status  of  blood  occurs  readily  in  artificially  congested 
areas  of  the  skin — an  effect  like  that  of  the  so-called  meningeal 
streak  being  readily  produced.  The  tongue  is  apt  to  be  somewhat 
more  red  than  normal,  and  the  papillae  swollen;  but  in  none  of  our 
cases  was  there  any  denudation  of  epithelium  or  any  indication  of 
the  occurrence  of  geographical  tongue.  The  tongue  is  at  times 
slightly  swollen  and  on  its  edges  marked  by  impressions  of  the  teeth. 


THE  BACTERIAL  FLORA  OF  THE  INTESTINAL  TRACT  IN  CASES 
OF   INFANTILISM. 

The  difficulties  that  lie  in  the  way  of  the  adequate  understanding 
of  the  bacterial  conditions  of  the  digestive  tract  have  been  in  general 
so  numerous  as  to  discourage  attempts  to  investigate  the  nature  of 
the  flora  in  chronic  diseases  of  the  intestine.  Of  these  difficulties,, 
there  are  three  which  are  specially  obvious:  (1)  The  multiplicity  of 
the  floral  types;  (2)  the  uncertainty  of  cultivating  the  really  domi- 
nant organisms;  (3)  the  difficulty  of  obtaining  for  study  those 
products  of  symbiotic  bacterial  action  which  are  truly  repre- 
sentative of  the  decompositions  which  occur  in  the  intestine. 
Although  efforts  have  been  made  in  the  present  study  to  overcome; 
these  obstacles,  these  efforts  have  been  only  iii  part  successful. 
Still,  it  is  fair  to  say  that  the  methods  of  investigation  employed  have 
yielded  a  helpful  if  not  satisfying  conception  of  the  processes  that 
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hold  sway  in  the  digestive  tract  in  the  state  of  infantilism.  It  is 
not  intended  to  discuss  in  detail  in  the  present  communication  the 
methods  of  investigation  employed,  nor  to  describe  fully  the  charac- 
ters of  the  organisms  which  have  been  found  to  dominate  the  intes- 
tinal flora.  In  many  directions  the  details  concerning  the  nature 
of  the  organisms,  which  have  been  found  to  be  dominant  in  these 
cases,  have  not  been  established  with  sufficient  precision.  Knowledge 
is  especially  scanty  at  the  present  time  in  regard  to  the  biochemical 
activities  of  certain  of  the  organisms  that  have  been  found  to  domi- 
nate the  intestinal  tract  in  these  cases.  Especially  is  knowledge 
lacking  in  regard  to  the  products  of  symbiotic  growth  of  the  chief 
organisms  observed.  For  the  present  purpose  it  will  suffice  to  state 
that  the  methods  of  bacterial  study,  which  have  proved  most  service- 
able in  this  investigation,  have  been :  (a)  The  study  of  the  Gram- 
stained  fecal  fields;  (6)  the  study  of  the  sediments  of  the  sugar- 
bouillon  and  plain  bouillon  tubes  after  inoculation  with  the  mixed 
fecal  flora;  (c)  a  variety  of  aerobic  and  anaerobic  cultural  pro- 
cedures involving  the  use  of  many  kmds  of  media  made  necessary  by 
the  difficulty  of  cultivating  certain  species  of  bacteria  in  pure  culture. 
In  these  studies  bacteria  were  obtained  not  only  from  the  feces,  but 
from  material  derived  by  the  use  of  calomel  catharsis  from  the  upper 
levels  of  the  intestine.  Such  catharsis  failed,  however,  in  general,  to 
show  radical  differences  between  the  bacterial  types  so  obtained  and 
those  obtained  from  the  feces,  despite  the  fact  that  coccal  and  Gram- 
negative  forms  were  usually  obtained  in  greater  abundance  from 
these  upper  regions.  A  distinction  of  greater  significance  was  found 
to  relate  to  differences  noted  between  the  bacteria  derived  from  the 
fecal  masses  and  those  derived  from  the  mucous  membrane  of  the 
intestine.  To  these  differences  further  reference  will  be  made. 
About  three  years  ago,  while  studying  a  patient  with  intestinal 
infantilism,  I  observed  that  the  Gram-stained  fecal  fields  were  regu- 
larly made  up  of  almost  exclusively  Gram-positive  microorganisms. 
These  positive  bacteria  were  almost  exclusively  slightly  curved  rods, 
from  2  to  3  microns  in  length  and  about  h  micron  in  diameter.  The 
ends  of  these  rods  were  sometimes  rounded  and  sometimes  pointed. 
Morphologically  similar  fields  are  sometimes  observed  in  normal 
breast-fed    children,    as    has    been    noted   by  Tissier,  Moro,   and 
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others.  But  while  it  may  be  regarded  as  entirely  normal  to  find 
organisms  of  this  character  in  a  certain  proportion  of  healthy  breast- 
fed children,  it  was  surprising  to  find  organisms  of  this  nature  as  the 
dominant  bacteria  in  children  five  or  six  or  even  eight  years  of  age. 
The  study  of  normal  children  at  these  ages  has  failed  to  give  any 
such  pictures  as  those  which  I  have  noticed  in  the  group  of  cases  of 
infantilism  now  under  consideration.  Similar  organisms  have, 
however,  been  observed  in  the  Gram-stained  fields  in  a  group  of 
young  children  fed  on  cow's  milk  and  suffering  from  pronounced 
acute  or  subacute  gastro-enteritis.  As  I  shall  point  out  later,  it  ap- 
pears highly  probable  that  the  cases  of  chronic  infantilism  have  their 
origin  in  intestinal  disorders  of  very  early  life  characterized  by 
the  presence  of  dominant  Gram-positive  flora  of  the  kmds  above 
described. 

The  nature  of  these  Gram-positive  organisms,  which  constitute 
so  persistent  and  dominant  a  feature  in  our  cases  of  infantilism  when 
at  the  height  of  their  development,  has  been  involved  in  much 
obscurity.  In  1900  Escherich  described  a  fatal  hospital  epidemic 
among  young  children  in  which  he  observed  that  the  stools  in  certain 
instances  consisted  almost  wholly  of  Gram-positive  rods,  morpho- 
logically of  the  type  just  mentioned.  He  gave  to  this  condition  the 
name  of  blue  bacillosis  {Blaue  Bacillose),  to  signalize  the  fact  of  the 
Gram-positive  nature  of  the  bacilli  in  question,  Escherich  also 
observed  that  when  the  bacterial  stools  of  the  children  in  question 
were  transferred  to  ordinary  culture  media,  there  was  no  growth  of 
Gram-positive  organisms,  but  only  of  the  Gram-negative  colon-like 
bacteria  which  were  an  insignificant  feature  in  the  fields.  This 
latter  observation  I  can  confirm,  and  it  is  only  by  the  use  of  very 
careful  cultural  methods  that  it  has  been  possible  to  obtain  some 
insight  into  the  nature  of  the  Gram-positive  organisms  seen  in  these 
fields.  As  will  l)e  pointetl  out  in  what  follows,  there  are  three  kinds 
of  organisms  which  may  give  rise  to  appearances  in  the  Gram- 
stained  field  similar  to  those  occasioned  by  the  presence  of  the 
Gram-positive,  slightly  curved  or  straight  rods  which  have  been 
mentioned.  These  organisms  are  the  Bacillus  bifidus  of  Tissier, 
the  Bacillus  acidophilus  of  Moro,  and  a  hitherto  apparently  unde- 
scribed  organism,  which  will  be  called  here  Bacillus  infantilis. 
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That  the  B.  bifidus  of  Tissier,  or  an  organism  beanng  an  ex- 
tremely close  resemblance  to  it,  is  present  in  large  numbers  in  the 
intestinal  contents  of  our  cases  of  infantilism  is  indicated,  in  part, 
by  the  study  of  the  sediments  of  the  sugar-bouillon  fermentation 
tubes,  and,  in  part,  by  other  cultural  procedures.  I  observed  several 
years  ago  that  when  the  mixed  fecal  flora  from  a  case  of  infantilism, 
or  from  certain  instances  of  acute  or  subacute  enteritis  m  infants, 
were  inoculated  into  sugar-bouillon  fermentation  tubes  (lactose,  dex- 
trose, and  saccharose),  there  was  a  very  abundant  growth  in  the 
tubes  of  bifid  organisms,  either  growing  separately  or  in  groups  in 
which  individual  bifurcating  organisms  are  fused  together  so  as  to 
give  rise  to  varied  pictures.  A  study  of  the  fermentation-tube  sedi- 
ments not  merely  served  to  attract  attention  to  the  occurrence  of 
bifid  types  of  bacteria  in  the  mtestmal  contents,  but  also  drew 
attention  to  certam  other  forms  of  bifid  microorganisms  that  may 
occur  under  the  same  cultural  conditions  and  to  the  importance  of 
certain  coccal  forms  of  bacteria.  It  will  be  convenient  to  discuss  the 
dominant  types  of  organisms  in  our  cases  under  the  foUowmg  heads: 
(1)  Organisms  of  the  B.  bifidus  type;  (2)  organisms  of  the  B. 
infantilis  type;   (3)  coccal  forms. 

1.  Organisms  of  the  Bacillus  Biiidus  Type.  Although  it  has  been 
easy  to  obtain  from  the  fermentation  tubes  very  abundant  and  dom- 
inant growths  of  bifid,  lactic-acid-producing  microorganisms  corre- 
sponding to  the  morphology  of  B.  bifidus  of  Tissier,  considerable 
difficulty  was  encountered  in  obtainmg  these  organisms  in  pure 
culture.  ^Ir.  Kendall  has  now  succeeded  in  growing  the  organisms 
in  question  on  various  media  under  anaerobic  conditions.  The 
organisms  were  derived  not  merely  from  the  stools  of  patients  with 
infantilism,  but  also  from  the  stools  of  certain  cases  of  subacute 
enteritis  in  infants,  which  have  already  been  alluded  to  as  presentmg 
fields  made  up  almost  exclusively  of  Gram-positive  bacilli.  The 
organisms  in  question  grow  on  dextrose  agar  plates  as  lenticular 
or  helmet-shaped  colonies,  and  on  anaerobic  agar  slants  present 
beaded,  gray,  shining  colonies  slightly  opaque  or  translucent. 
Morphologically  the  organisms  present  the  typical  Y-shaped  or 
bifid  form.  They  are  Gram-positive,  and  vary  in  size  from  2  to  4 
microns  in  length  and  from  ^^  of  a  micron  to  1  micron  in  width. 
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They  are  sometimes  apparently  slightly  motile.  In  fermentation 
tubes  and  associated  with  other  bacteria  they  grow  well  in  dextrose, 
lactose,  and  saccharose  bouillon,  but  especially  well  in  the  two  for- 
mer. They  produce  lactic  acid  and  are  capable  of  maintaining 
themselves  at  a  considerable  grade  of  acidity.  For  this  reason  they 
have  been  classified  as  acidophile  bacteria.  The  justice  of  regarding 
them  as  strict  acidophile  organisms  may,  however,  perhaps  be 
questioned,  since  in  the  absence  of  interfering  organisms  they  may 
grow  well  in  sugar-bouillon  in  which  the  acidity  is  in  large  degree 
neutralized  by  the  presence  of  calcium  carbonate.  It  appears, 
rather,  that  they  are  capable  of  withstanding  a  higher  degree  of 
acidity  than  some  other  intestinal  microorganisms,  as,  for  example, 
colon  bacilli,  and  are,  therefore,  able  to  thrive  when  the  colon  bacilli 
are  no  longer  able  to  reproduce  themselves  in  consequence  of  the 
excess  of  acid.  These  organisms  coagulate  milk,  but  do  not  pep- 
tonize it.  They  do  not  grow  on  gelatm.  Although  they  may  be 
regarded  as  anaerxjbic  organisms,  it  is  true  that  after  a  time  they 
grow  to  the  surface  in  agar  stick  cultures,  and  may  even  cause  a 
slight  elevation  of  the  surface  of  the  agar.  These  organisms  do  not 
always  show  bifurcation,  and  under  certain  cultural  conditions  tend 
to  develop  rarefaction  of  their  protoplasm  in  spots,  so  that  the 
Gram  staiij  is  retained  irregularly,  giving  rise  to  punctate  forms  of 
bifidus.  This  punctate  form  of  bifidus  may  be  plain  or  may  undergo 
branching. 

Successful  plate  cultures  indicate  that  the  bifidus  type  of  organisms 
is  very  abundantly  represented  in  the  feces  of  certain  cases  of  intes- 
tinal disorder,  includmg  not  only  cases  of  infantilism,  but  the  sub- 
acute conditions  already  mentioned.  They  have  been  studied  by 
yii.  Kendall  with  especial  care  in  Case  I  of  the  infantilism 
group,  and  in  some  instances  of  subacute  intestinal  infection  char- 
acterized by  Escherich's  blue  bacillosis.  I  have  found  them  also  in 
Cases  II,  III,  and  IV.  It  is  impossible  at  present  to  say  just  how 
large  a  proportion  of  the  organisms  in  the  cases  mentioned  belong 
to  the  B.  bifidus  type,  but  the  plate  cultures  indicate  that  they  are 
prominent  all  the  time,  although  sometimes  more  largely  dominant 
than  at  others.  With  the  exception  of  Case  I  of  our  group  of  in- 
fantilism patients,  the  presence  of  B.  bifidus  in  large  numbers  in  the 
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stools  has  been  commonly  inferred  from  the  bifid  forms  found  in  the 
fermentation  tube  sediments  and  from  the  morphological  characters 
of  the  organisms  in  the  smears  from  the  stools,  rather  than  from 
cultures  on  plates. 

It  seems  worth  noting  that  in  the  studies  made  from  mucus  ob- 
tained from  the  stools  in  Cases  I  and  II,  and  in  one  of  our  patients 
with  subacute  blue  bacillosis,  sugar-l)ouillon  fermentation  tubes, 
inoculated  with  carefully  washed  mucus,  have  showTi  the  develop- 
ment of  a  great  abundance  of  bifid  forms,  apparently  in  almost  pure 
culture,  whereas  inoculations  made  from  the  fecal  material  from  the 
same  cases  showed  a  far  less  rich  growth,  as  well  as  the  presence  of 
other  varieties  of  microorganisms. 

2.  Organisms  of  the  Bacillus  Infantilis  Type.  The  organism  to 
which  the  name  Bacillus  infantilis  has  been  applied  was  first  noticed 
by  Mr.  Kendall  while  working  on  the  cases  of  infantilism  described 
in  this  paper.  This  organism,  or  type  of  organism — for  there  are 
several  variants — occurs  not  rarely  in  the  stools  of  breast-  and 
bottle-fed  infants.  It  has  been  isolated  also  from  a  number  of 
children  ranging  from  two  to  seven  years  of  age,  and  has  been  ob- 
tained from  one  adult.  Under  normal  conditions  the  number  of 
organisms  of  this  type  growing  upon  nutrient  sugar-agar  plates  is 
not  great.  In  fact  it  is  frequently  difficult  to  obtain  cultures.  In 
certain  cases,  however,  especially  in  cases  showing  the  Gram-positive 
fields  of  the  blue  bacillosis  type,  the  number  is  greatly  increased, 
judging  from  their  abundance  in  plate  cultures. 

In  stained  stools  the  organisms  appear  as  rather  thin.  Gram- 
positive  rods,  agreeing  in  size  with  Tissier's  B.  bifidus  communis. 
The  B.  i)ifantilis  has  not  been  observed  to  occur  with  pointed  ends, 
as  is  the  case  with  at  least  some  varieties  of  the  B.  bifidus.  The 
organism  forms  spores  which  are  central  (but  occasionally  terminal), 
causing  a  slight  sAvelling  of  the  rod.  In  the  vegetative  state  B. 
infantilis,  as  studied  by  ]\Ir.  Kendall,  is  actively  motile.  It  usually 
occurs  singly  or  in  pairs,  but  under  certain  conditions,  particularly 
in  fluid  media,  may  form  chains  of  several  elements.  Occasionally 
one  sees  distinct  branches  in  anaerobic  dextrose  agar.  B.  infantilis 
is  ordinarily  isolated  from  anaerobic  plates,  although  it  has  been 
obtained  without  difficultv  in  some  instances  when  erown  under 
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aerobic  conditions.  After  the  first  generation  upon  artificial  media, 
it  grows  readily  in  the  incubator  at  body  temperature  and  much  less 
readily  at  20°  C.  The  submerged  colonies  are  of  two  types:  one  len- 
ticular and  yellowish,  the  other  rather  irregular  in  outline  and  woolly 
in  appearance.  The  surface  colonies  are  usually  dull  and  have  a 
tendency  to  spread.  The  surface  growths  are  gray.  There  are  two 
types  of  growth  upon  agar.  The  first  is  almost  invisible  and  is 
limited  largely  to  the  condensation  water;  the  second  is  more  vig- 
orous and  spreading.  Spores  are  readily  formed  upon  the  surface 
of  slants,  usually  within  forty-eight  hours.  The  bacilli  in  the  spore 
stage  are  slightly  spindle-shaped,  frequently  with  a  deeply  staining 
Gram-positive  granule  at  either  end  of  the  rod,  more  usually  at  one 
end  only.  Many  cultures  produce  a  mucin-like  substance.  In 
fluid  media  spore  formation  is  delayed  and  is  frequently  absent.  In 
sugar-bouillon  (dextrose,  lactose)  there  are  two  types  of  growth. 
The  first  corresponds  to  the  form  that  grows  poorly  on  agar,  showing 
a  slight  sediment  with  usually  a  transient  turbidity  and  no  pellicle; 
the  second  type  of  growth  is  indicated  by  a  moderate  turbidity  and 
the  development  of  a  sediment  and  usually  a  pellicle.  Upon  plain 
broth  there  is  no  turbidity,  and  in  many  stains  a  pellicle  is  formed. 
The  bacilli  from  the  sediment  are  usually  elongated,  show  irregular 
or  punctate  staining,  and  may  occur  singly,  in  pairs,  or,  less  com- 
monly, in  chains.  INIilk  is  not  coagulated  by  B.  infantilis,  nor  is 
there  any  evidence  of  peptonization.  The  reaction  is  usually 
slightly  alkaline  after  four  to  seven  days,  although  this  alkalescence 
is  not  marked  and  may  be  absent.  In  fermentation  tubes  the 
organisms  produce  acid,  but  no  gas  in  dextrose  or  lactose  or  saccha- 
rose. The  acid  production  in  lactose  is  relatively  slight.  On 
gelatin  there  is  a  very  slight  growth,  and  frequently  none  at  all. 
There  is  no  liquefaction.  B.  infantilis  inhibits  the  gas  production 
of  the  colon  bacillus  when  the  two  organisms  are  grown  in  dextrose 
or  lactose  bouillon,  the  gas  production  of  the  colon  bacillus  being 
sometimes  restricted  to  the  extent  of  80  per  cent.  The  colon  bacilli 
grow  at  first  more  rapidly,  but  soon  the  advantage  thus  obtained  is 
permanently  lost,  and  B.  infantilis  distinctly  checks  the  further 
growth  of  B.  coll. 

It  is  impossible  to  state  at  present  to  what  extent  the  Gram- 
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positive  rods,  observed  in  the  fields  obtained  from  children  with 
infantilism,  consist  of  B.  infantilis. 

3.  Coccal  Forms.  The  third  group  of  organisms  consists  of 
coccal  forms,  the  relation  of  which  to  one  another  is  still  obscure.  In 
our  cases  of  infantilism.  Gram-positive  coccal  forms  have  at  times 
been  abundant,  and  even  when  not  prominent  in  the  fecal  fields 
may  grow  freely  in  the  sugar-bouillon  fermentation  tubes.  They 
consist  chiefly  of  larger  and  smaller  diplococci  or  coccobacilli  corre- 
sponding closely  in  morphology  and  cultural  characters  to  the 
enterococcus  of  Thiercelin,  or  the  Micrococcus  ovalis  described  by 
Hirsch-Libmann.  The  enterococcus  forms  acid  on  dextrose,  lactose, 
and  saccharose,  and  coagulates  milk. 

In  one  of  our  cases  of  infantilism,  associated  with  profound 
anemia  (Case  V),  the  fecal  fields  showed  very  large  numbers  of 
small,  Gram-positive  cocci.  These  were  found  especially  in  certain 
parts  of  the  stools,  where  they  were  seen  to  the  exclusion  of  other 
organisms.  It  was  especially  in  the  mucus  and  about  the  epithelial 
elements  that  these  organisms  were  noted  m  such  abundance  and 
concentration.  In  respect  to  these  organisms  Case  V  presents  an 
exception  to  the  remaining  four  cases  in  the  infantilism  group.  The 
character  of  the  coccal  forms  occurrmg  in  this  case  have  not  as  yet 
been  thoroughly  studied. 

It  is  worthy  of  mention  that  neither  the  B.  hifidus  forms  nor  the 
B.  infantilis  forms  that  have  been  isolated  from  our  cases  of  infan- 
tilism have  exhibited  pathogenicity  when  injected  into  guinea-pigs^ 
In  Case  I  it  was  observed  that  the  relative  proportion  of  organisms 
of  these  three  types  which  appeared  upon  anaerobic  plates  varied  a 
good  deal  from  day  to  day  without  apparent  cause. 

As  regards  the  presence  of  organisms  of  the  B.  coli  and  B.  lactis 
aerogenes  groups,  it  may  be  stated  that  such  organisms  are  infrequent 
in  the  feces  in  our  cases  of  infantilism  when  they  are  in  their  most 
pronounced  stage.  This  is  true  also  of  the  subacute  cases  of  intes- 
tinal infection  already  mentioned.  Indeed  in  this  latter  group  of" 
cases  it  is  the  rule  to  see  Gram-positive  fields  wholly  free  from 
organisms  suggesting  either  B.  lactis  aerogenes  or  B.  coli.  It  is  prob- 
ably owing  to  the  almost  entire  or  the  complete  absence  of  these 
normal  intestinal  inhabitants  that  the  gas  productionin    the  fermen- 
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tation  tubes,  inoculated  with  the  mixed  fecal  flora  from  the  cases  of 
infantilism  at  their  height,  has  been  slight  or  lacking.  These  con- 
ditions, however,  hold  true  only  for  our  cases  in  their  most  highly 
developed  form.  As  recovery  has  set  in  it  has  be^n  observed  in 
Cases  I,  II,  III,  and  IV  that  with  improvement  in  nutrition  there  has 
been  a  relative  decrease  in  the  number  of  Gram-positive  bacterial 
elements  in  the  feces  and  a  corresponding  development  of  Gram- 
positive  forms  corresponding  to  B.  lactis  aerogenes  and  B.  coli.  In 
the  case  of  infantilism  (Case  II),  in  which  the  greatest  improvement 
in  nutrition  has  been  observed,  B.  lactis  aerogenes  has  lately  been 
isolated  from  the  plates  in  great  numbers.  In  this  case  an  increase 
in  gas  production  has  gone  hand-in-hand  with  the  establishment  of 
the  normal  flora  in  the  feces.  It  may  also  be  remarked  that  in  this 
case  the  improvement  in  nutrition,  and  the  gradual  restoration  of  the 
normal  flora,  occurred  with  comparative  rapidity  during  a  period  of 
eighteen  months  and  not  until  after  the  child  had  reached  the  age  of 
eight  years;  previous  to  this  recovery  had  been  extremely  slow  during 
three  years.  It  should  also  be  stated  that  in  this  same  case  (Case  II) 
the  disappearance  of  Gram-positive  organisms  of  the  B.  bifid  us  type 
was  associated  with  a  great  falling  off  in  the  growth  of  B.  hifidus  in 
the  fermentation  tubes.  B.  hifidus  was  represented  in  the  fermen- 
tation tubes  not  by  well-staining  bifid  forms,  but  by  small  punctate 
rod  forms  apparently  atrophic  in  character  although  still  capable  of 
cultivation.  Finally,  it  should  be  stated  in  reference  to  Case  II  that 
with  the  disappearance  of  organisms  of  the  B.  hifidus  type  and  the 
reestablishment  of  B.  lactis  aerogenes  and  B.  coli,  the  intestinal  tract 
began  to  show  excessively  large  numbers  of  B.  aerogenes  capsulatus. 
This  organism  had  not  before  been  noted  as  a  prominent  inhabitant 
of  the  intestinal  tract,  and  was  indeed  probably  present  in  only 
small  numbers,  if  at  all,  previous  to  the  eighth  year  of  life. 


THE  URINARY  EXPRESSIONS  OF  THE  INFECTION  UNT)ERLYING 
INFANTILISM. 

Considerable  attention  was  devoted  to  the  characters  c  f  the  urine 
in  our  cases  of  infantilism,  especially  in  Cases  I,  II,  and  III.  In 
Case  I  the  specific  gravity  of  the  urme  ranged  from  1010  to  1015, 
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and  the  volume  of  urine  was  habitually  large — 800  c.c.  to  1100  c,c. 
In  Case  II,  during  the  time  between  the  fifth  and  the  ninth  years  of 
life,  the  specific  gravity  of  the  urine  ranged  usually  from  1010  to 
1018.  The  volume  of  urine  varied  from  600  c.c.  to  1000  c.c.  daily. 
In  Case  III  the  volume  was  moderate  and  the  specific  gravity  ranged 
from  1020  to  1030.  In  the  remaining  cases  there  were  not  enough 
observations  to  enable  any  general  statements  to  be  made  as  to  the 
volume  and  specific  gravity  of  the  urine. 

The  nitrogen  excretion  was  recorded  in  three  instances,  and  it 
may  be  stated  that  it  tends  to  be  high  in  proportion  to  the  weight  of 
the  child;  for  example,  in  Case  II,  with  a  weight  of  42  pounds  the 
nitrogen  excretion  ranged  from  5.7  grams  to  6.5  grams  daily.  In 
Case  I  the  nitrogen  excretion  ran  uncommonly  high,  namely,  from 
7  to  9  grams  daily  at  a  time  when  the  weight  was  only  25  pounds. 
These  results  are  clearly  attributable  to  the  high  protein  feeding 
which  was  incidental  to  efi^orts  to  reduce  the  carbohydrates,  which 
had  proved  very  liable  to  cause  diarrhea.  The  excessive  appetite 
was  doubtless  a  factor  in  rendering  it  easy  to  consume  so  large  an 
amount  of  protein  food.  The  same  statement  may  be  made,  though 
less  strongly,  in  regard  to  Case  II.  In  Case  III  the  nitrogen  excre- 
tion cannot  be  said  to  have  run  abnormally  high  m  proportion  to  the 
weight  of  the  child,  although  full  data  relating  to  this  point  are  not 
available. 

In  regard  to  the  nitrogen  of  ammonia  in  our  cases,  there  is  nothing 
noteworthy.  In  Case  III  the  nitrogen  of  ammonia  formed  from 
2.4  to  3.3  per  cent,  of  the  total  nitrogen  excreted.  In  Case  II  the 
nitrogen  excretion  was  likewise  normal,  seldom  going  above  4  per 
cent,  of  the  total  nitrogen.  In  Case  I  also  the  nitrogen  of  ammonia 
usually  varied  within  normal  limits.  A  very  large  number  of  obser- 
vations in  this  case  show  that  the  percentage  of  nitrogen  of  ammonia 
varied  habitually  between  3.25  and  4.5  per  cent.  At  one  time, 
while  the  patient  had  a  cold  in  the  head,  the  nitrogen  of  ammonia 
rose  on  two  successive  days  to  4.78  and  5.96  per  cent,  of  the  total 
nitrogen.  The  urine  at  this  time  gave  a  strong  Legal  reaction  for 
acetone  in  the  distillate.  On  a  few  other  occasions,  however,  the 
nitrogen  of  ammonia  reached  or  exceeded  these  figures  without 
being  associated  with  acetone. 


280       herter:  infantilism  from  intestinal  infection 

As  regards  the  excretion  of  uric  acid  in  this  case,  it  may  be  stated 
to  have  been  so  variable,  as  measured  by  the  ratio  between  uric 
acid  and  the  urea  output,  that  no  definite  conclusions  can  be  reached 
in  the  case  of  patients  Nos.  II  and  III.  This  is  true  also  of  Case  I 
during  the  early  period  of  observation,  but  during  recent  months 
CMarch  and  April,  1908)  under  conditions  of  great  uniformity  of 
diet  and  habits,  the  uric  acid  excretion  (like  that  of  total  nitrogen) 
varied  but  little  from  day  to  day.  With  a  few  exceptions  the  uric 
acid  bore  a  proportion  to  the  urea  very  close  to  1  to  30.  Taking  into 
account  the  nature  of  the  diet,^  this  must  be  regarded  as  indicating 
an  excessive  excretion  of  uric  acid,  both  absolute  and  relative.^  It 
is  worthy  of  notice  that  there  should  have  occurred  a  rise  both  in  the 
absolute  and  the  relative  amount  of  uric  acid  excreted,  just  at  the 
time  w'hen  the  nutritional  conditions  of  the  patient  began  to  undergo 
a  distinct  improvement. 

Special  attention  was  devoted  to  a  study  of  the  urinary  indications 
of  putrefactive  decomposition  in  the  intestine.  Such  indications 
are  known  to  have  been  very  pronounced  in  Cases  I,  II,  III, 
and  IV,  and  very  similar  indications  of  putrefaction  have  been 
found  in  the  subacute  infections  of  early  infancy  already  alluded 
to  as  bemg  associated  with  the  Gram-positive  fecal  fields.  The 
urinary  signs  of  excessive  decomposition  in  the  intestine  are 
shown  mamly  in  four  different  w^ays :  First,  there  is  a  rise  in  the 
ethereal  sulphates.  It  is  no  uncommon  thing  in  cases  of  infan- 
tilism for  the  ratio  of  the  ethereal  to  the  preformed  sulphates  to 
reach  1  to  4  or  1  to  6,  whereas  the  normal  ratio  in  childhood  is 
1  to  12  to  1  to  18.  Even  higher  proportions  are  observed  in 
the  subacute  stage,  w^hich  the  writer  regards  as  leadmg  into  the 
chronic  state  of  infantilism.  Secondly,  pronounced  indicanuria 
is  a  very  prominent  feature,  as  showTi  in  all  the  cases  examined 
except  Case  V,  which  did  not  come  under  close  observation 
until  the  nutritional  state  had  begun  to  improve.  Quantitative 
determinations  of  the  indican  have  not  been  made,  but  the  quali- 

1  Given  in  section  on  therapeutic  measures. 

2  For  example,  the  actual  quantities  excreted  during  successive  days  is  expressed  in  grams 
by  the  folio-wing  figures:  0.383,  0.388,  0.413,  0.454,  0.397,  0.387,  0.439,  0.406,  0.421,  0.247, 
0.399,  0.488,  0.458,  0.486,  0.452,  0.449,  0.477,  0.433,  0.443,  0.517,  0.463,  0.427,  0.432,  0.449, 
0.459,  0.480,  0.471,  0.545,  0.452,  0.473,  0.461,  0.468,  0.466,  0.456,  0.406,  0.415,  0.467,  0.422, 
0.420,  0.397,  0.437. 
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tative  results  leave  little  doubt  that  the  indican  is  habitually  highly 
excessive  when  the  disease  is  at  its  height.  This  is  true  also  of  the 
subacute  fore-period  of  the  disease.  It  is  true,  however,  that  with 
the  improved  intestinal  conditions  which  precede  a  change  for  the 
better  in  nutrition,  the  indican  may  begin  to  decline.  There  may 
thus  be  a  time  in  the  history  of  the  disease  when,  despite  the  fact 
that  the  child  still  remains  nearly  stationary  in  weight  from  week  to 
week,  and  even  from  month  to  month,  the  indican  is  much  lower 
than  was  previously  the  case.  Another  apparently  regular  feature 
of  the  putrefactive  decompositions  in  infantilism  is  the  occurrence 
of  an  excess  of  phenol  in  the  distillate  of  the  urine  (the  distillates 
include  phenols  and  cresols).  The  observations  made  in  our  cases 
are  partly  cjuantitative  by  the  method  of  Kossel  and  Penny,  and 
partly  c|ualitative  (with  Millon's  reagent).  In  Case  II  the  repeated 
examinations  of  the  distillate,  made  at  short  intervals  during  a 
period  of  five  years,  showed  an  excess  of  phenol  to  be  a  regular 
feature.  The  phenol  for  twenty-four  hours  varied  from  38  to  90  mg. 
(in  the  quantitative  observations).  Case  III  likewise  gave  very 
strong  Millon  reactions  with  the  distillate.  In  Case  I  the  distillate 
also  regularly  contained  excessive  amounts  of  phenolic  substances, 
as  indicated  by  the  following  figures  (representing  milligrams)  for 
the  twenty-four  hours:  75,  71,  84,  79,  87,  93,  62,  78,  90,  100,  74, 
62,  87,  90,  73,  90,  45,  81,  91,  63,  74.  Once,  without  assign- 
able cause,  the  phenol  in  the  distillate  fell  to  19  mg.  Another 
feature  of  the  urine,  referable  to  putrefactive  decomposition  in  the 
intestine,  is  the  presence  of  aromatic  oxyacids  in  the  urine.  It  is 
probable  that  both  para-oxyphenylacetic  acid  and  para-oxyphenyl- 
propionic  acid  are  frequently  present  in  excess  of  these  cases.^  The 
acids  in  solution  in  the  urine  are  capable  of  reacting  with  Millon's 
reagent  even  in  the  cold,  and  it  is  a  noteworthy  feature  of  our  cases 
that  in  many  instances  the  urine  gives  the  characteristic  behavior  of 
the  aromatic  oxyacids  when  treated  with  Millon's  reagent  in  the 
cold.  Urines  containing  these  aromatic  oxyacids  also  give  a 
marked  diazo  reaction  after  distillation  of  the  phenols.  It  mav  be 
mentioned  further  that   the  urines    from   the  subacute  infections, 

'  Para-oxj-phenylacetic  acid  is  not  readily  burned  in  the  body,  and  hence  appears  in  the 
urine  when  absorbed  from  the  intestine.  The  homologous  higher  acid  undergoes  combustion, 
and  hence  is  less  likely  to  reach  the  urine,  even  if  formed  in  equal  or  greater  amount  as  the 
result  of  putrefaction. 
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which  are  regarded  as  constituting  the  early  stage  of  chronic  in- 
fantilism, are  liable  to  give  a  very  pronounced  reaction  with  Millon's 
reagent  in  the  cold  in  the  absence  of  volatile  phenols.  Finally,  it 
should  not  be  overlooked  that  a  marked  degree  of  indolaceturia 
occurred  in  Case  I,  and  was  a  continuous  feature  in  this  patient. 
The  presence  of  indolacetic  acid  was  detectable  also  in  the  urine 
of  Case  II,  where,  however,  it  was  not  pronounced.  In  Case  III  it 
gave  rise  to  a  moderate  reaction  with  strong  hydrochloric  acid  and 
potassium  nitrite.  From  experience  gained  with  the  urines  of  the 
subacute  infections  leading  to  chronic  infantilism,  I  am  disposed  to 
think  that  indolaceturia  is  not  a  regular  feature  in  this  type  of 
disease,  although  it  is  sometimes  very  prominent. 

It  may  be  further  stated  that  the  urines 'from  the  cases  of  infan- 
tilism showed  slight  or  negative  reactions  with  paradimethvlamido- 
benzaldehyde,  that  skatol  red  was  regularly  absent,  and  that  in  Cases 
I,  II,  and  III  the  urines  were  sometimes  observed  to  show  a  slight 
Teducinff  action  when  boiled  with  Fehlino-'s  solution. 


features  relating  to  the  intestinal  contents. 

There  are  several  features  relating  to  the  gross  and  microscopic 
appearances  of  the  intestinal  contents  and  to  their  chemical  nature 
which  require  at  least  brief  consideration.  The  character  of  the 
movements  is  influenced  to  a  considerable  extent  by  the  nature  of 
the  food,  and  in  general  it  may  be  stated  that  on  an  ordinary  mixed 
diet  containing  a  fair  proportion  of  fat,  carbohydrates,  and  proteins, 
and  in  which  milk  forms  part  of  the  regimen,  the  movements  are 
voluminous,  gray  or  light  brown  in  color,  and  of  sufficiently  low  spe- 
cific gravity  to  float  on  the  surface  of  the  water.  If  the  quantity  of 
food  be  considerable,  the  movements  may  be  very  large  indeed.  If 
the  carbohydrates  be  abundant,  the  fresh  movements  are  apt  to  be 
filled  with  bubbles  of  gas.  The  stools  are  usually  formed,  though 
so  soft  that  any  increase  in  the  watery  constituents  gives  the  stool  a 
diarrheal  character.  The  movements  usually  have  a  sour  odor, 
which  is  clearly  recognizable  despite  the  fecal  odor  due  to  the  pres- 
ence of  indol.  The  odor  of  butyric  acid  is  seldom  more  than  slight, 
and  is  frequently  absent.  INIucus  is  very  abundant  at  times,  both 
in  masses  on  the  surface  of  the  feces  and  intimately  mingled  with 
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thera  in  small  bits.  In  loose  movements,  after  the  use  of  calomel, 
large  flakes  of  mucus  are  usually  brought  away.  Large  numbers 
of  well-preserved  individual  epithelial  elements  are  habitually  carried 
away  in  the  feces.  Their  number  may  be  surprisingly  large  in  some 
parts  of  the  stool.  Preparations  of  the  feces  show  moderately  dense 
bacterial  fields  almost  always  containing  numerous  epithelial  ele- 
ments, with  nuclei  usually  well  preserved  and  with  a  small  area  of 
cytoplasm  about  them.  These  epithelial  elements  may  occur  sepa- 
rated or  closely  aggregated  in  considerable  numbers.  It  is  common 
to  find  very  considerable  masses  of  such  epithelial  remnants,  and 
when  this  is  the  case  these  masses  are  visible  to  the  naked  eye  as 
small,  pink  bodies  about  the  size  of  a  pin's  head  or  larger,  usually 
on  the  surface  of  the  feces.  These  epithelial  elements  stain  readily 
with  carbol-fuchsin  and  are  acid-fast.  Occasionally,  what  are  the 
remnants  of  nuclei  of  epithelial  cells  present  an  appearance  which 
makes  it  somewhat  difficult  to  distinguish  them  from  naked  spores. 
The  microscopic  fields  show  the  presence  of  an  abundance  of  fatty 
acid  crystals,  and  it  is  owing  to  the  presence  of  these  that  watery 
suspensions  of  feces  (1  gram  feces  to  10  grams  water)  in  a  test-tube 
show  the  optical  peculiarities  due  to  the  presence  of  very  large  num- 
bers of  small  crystals.  The  reaction  of  the  feces  is  usually  slightly 
acid,  but  often  it  is  neutral.  If,  however,  meat  be  an  abundant 
constituent  of  the  diet,  the  reaction  may  be  slightly  alkaline.  In 
some  instances  it  has  been  noticed  that  the  drying  of  the  feces  is 
associated  with  the  separation  of  large  numbers  of  crystals,  which 
have  the  characteristic  appearance  of  triple  phosphates  (ammonio- 
magnesian  phosphate). 

There  are  also  several  chemical  characters  in  the  feces  of  infan- 
tilism which  deserve  mention.  Even  when  the  feces  are  acholic  in 
appearance,  extraction  with  alcohol  shows  the  presence  of  moderate 
quantities  of  bilirubin.  It  is  thus  erroneous  to  draw  the  conclusion 
from  the  appearance  of  the  stools  that  bile  fails  to  enter  the  intestinal 
tract.  It  is  also  noteworthy  that  the  reaction  for  hydrobilirubin, 
with  concentrated  bichloride  of  mercury,  is  extremely  slight  and 
sometimes  negative.  This  points  to  the  absence  of  a  strong  reducing 
action  on  the  part  of  the  bacteria  present  in  the  intestinal  tract.  I 
think  it  probable  that  the  failure  to  detect  marked  evidence  of 
reducing  action  by  the  bacteria  in  the  digestive  tract  is  to  be  explained 
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in  these  cases  by  the  comparatively  small  number  of  microorganisms 
of  the  butyric  acid  type — a  type  conspicuously  active  in  causing 
reductions.  Indol  is  a  nearly  constant  constituent  of  the  freshly 
voided  feces  in  children  suffering  from  intestinal  infantilism.  It 
may  easily  be  demonstrated  in  the  distillate  either  by  the  para- 
dimethylamidobenzaldehyde  reaction  of  Ehrlich,  or,  better  still,  by 
means  of  the  ^J'-naphthaquinone  sodium  monosulphonate  reaction. 
The  quantity  is  usually  not  large,  but  rarely  may  run  up  to  20  ta 
30  mg.  in  100  grams  of  the  moist  feces.  The  presence  of  indol  in  the 
feces  may  be  correlated  with  the  occurrence  of  strong  indicanuria, 
but  sometimes  the  indicanuria  may  be  pronounced,  even  though 
only  a  trace  of  indol  is  detectable  in  the  feces.  This  is  owing  to 
the  fact  that  there  is  not  any  fixed  relation  between  the  quantity 
of  indol  produced  in  the  intestine  and  the  quantity  absorbed.  As 
the  patients  improve  in  digestion  and  nutrition,  the  quantity  of  indol 
in  the  feces  grows  less  and  may  in  time  become  very  slight.  In 
diarrheal  movements,  also,  the  proportion  of  indol  is  apt  to  be  slight. 
I  have  never  observed  skatol  in  the  movements  from  any  patients  of 
the  t}'pe  now  under  consideration.  Phenolic  substances  can  almost 
always  be  detected  in  slight  amounts  in  the  distillate  from  the  feces. 
Sometimes  the  reaction  for  them  is  strong.  In  Case  I  the  feces 
contained  a  substance  which  gave  reactions  corresponding  to  indol- 
acetic  acid.  I  have  not,  however,  had  the  opportunity  to  separate 
this  substance  in  purity  and  in  sufficient  quantity  to  actually  fix  its 
identity  beyond  question.  The  hydrogen  sulphide  content  of  the 
feces,  in  cases  of  intestinal  infantilism,  is  commonly  small. ^     The 

'  The  following  determinations  in  hydrogen  sulphide  of  the  feces  are  indicative  of  the 
range  in  percentage: 

Case  I. 

Date.                                                                        Per  cent,  solids.  Per  cent.  H2S. 

November  27,  1907 25.89  0.0144 

November  29,  1907 9.97  0.0144 

December    3.  1907 29.85  0.0113 

December    5,  1907 25.41  0.0127 

December    7,  1907 17.37  0.0410 

December    7,  1907 32.60  0.0310 

December  10,  1907 27.67 

December  11,  1907 28.82  0.0111 

December  14,  1907 28.04 

December  16,  1907 27.00  0.0190 

December  20,  1907 20.88  0.0170 

December  24,  1907 26.15  0.0201 

January    18,    1908 21.00  0.0090 

These  low  percentages  of  hydrogen  sulphide  are  the  more  noteworthy  in  view  of  the  excess- 
of  other  putrefactive  products. 
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hydrogen  sulphide  exists  in  bound  form,  and  I  have  never  been  able 
to  detect  the  free  gas  in  the  fresh  movements.  ^Nlethvl  mercaptan 
is  also  absent,  although  the  bacteria  from  the  feces  may  produce  a 
small  amount  of  methyl  mercaptan  when  grown  in  plain  broth.  It 
appears  true  in  general,  however,  that  the  bacteria  present  in  these 
cases  do  not  form  mercaptan  abundantly,  and  commonly  they  do 
not  make  it  at  all  under  the  conditions  just  mentioned.  The  vola- 
tile fatty  acids  derivable  from  the  feces  in  cases  of  infantilism  are 
moderate  in  amount  and  appear  to  be  rather  low  in  butyric  acid. 
Acetic  acid  may  be  detectable.  Aldehydes  have  not  been  detected. 
The  gas  production  of  the  mixed  fecal  flora  when  grown  in  dextrose, 
saccharose,  and  lactose  bouillon  is  variable.  Commonly  it  is 
smaller  than  normal.  The  fecal  flora  may  indeed  fail  to  form  gas 
under  these  conditions.  With  improvement,  attended  by  a  return 
of  B.  coll  and  B.  lactis  aerogenes,  the  gas  production  increases  to 
normal. 

THE    CALCIUM   AND    MAGXESIUM   BALANCES. 

In  the  state  of  arrested  development  which  constitutes  the  striking 
feature  of  the  cases  of  infantilism  here  reported,  it  is  of  especial, 
interest  to  seek  for  information  regarding  the  calcium  and  mag- 
nesium intake  and  output.  It  is  obvious  that  the  failure  of  skeletal 
growth  calls  for  ex|)lanation,  and  that  this  explanation  is  to  be  sought 
either  in  the  inability  of  the  skeleton  to  utilize  calcium  and  magnesium 
coming  to  it  in  the  blood,  or  the  inability  of  the  blood  and  lymph 
streams  to  obtain  from  the  digestive  tract  sufficient  quantities  of  the 
alkali  earths  to  supply  the  necessary  materials  for  skeletal  growth. 
In  order  to  determine  the  relations  between  the  intake  and  the 
outgo  of  the  alkali  earths  from  the  body  in  a  state  of  infantilism, 
two  observations  were  made  by  Dr.  Wakeman  upon  Case  I,  each 
observation  covering  a  period  of  ten  days.  The  second  of  these 
observations  serves  as  the  basis  for  the  data  to  be  referred  to  here, 
the  observation  having  been  made  under  thoroughlv  satisfactorv 
conditions  from  every  point  of  view.  The  period  of  ten  days  in 
question  extended  from  noon,  March  10,  1908,  to  noon,  March  20, 
1908 — a  period  during  which  the  subject  remained  essentially  sta- 
tionary in  weight.     The  calcium,  magnesium,  and  phosphoric  acids 
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taken  in  the  food  were  accurately  determined.  The  calcium,  mas- 
nesium,  and  phosphoric  acids  were  also  determined  in  the  urine  and 
feces  corresponding  to  this  period,  the  feces  being  carefully  marked 
off  from  the  fore-  and  after-periods  by  means  of  charcoal. 

During  the  period  of  ten  days  the  calcium  (calculated  as  calcium 
oxide)  found  in  the  urine  was  0.1151  gram,  giving  a  daily  average, 
of  0.0115  gram.  In  the  feces  during  the  same  period  the  calcium 
oxide  amounted  to  9.59  grams,  giving  a  daily  average  of  0.959 
gram.  The  calcium  oxide  present  in  the  feces  and  urine  together 
during  the  ten  days  amounted  to  9.71  grams,  with  a  daily  average  of 
0.971  gram.  The  calcium  oxide  of  the  food  during  the  same 
period  amounted  to  9.81  grams,  with  a  daily  average  of  0.982 
gram.  There  was  thus  a  positive  balance  of  calcium  during  the 
ten-day  period  amounting  to  100  mg.,  indicating  a  daily  retentioni 
of  calcium  oxide  of  only  10  mg.  It  is  roughly  estimated  that  in  the 
normal  growth  of  a  child  between  the  second  and  the  sixteenth  years 
the  daily  retention  of  calcium  oxide  by  the  body  should  be  more 
than  ten  times  the  amount  retained  in  this  case.  The  amount  in- 
dicated as  retained  is,  in  fact,  so  small  in  this  instance  as  to  fall 
almost  within  the  limit  of  experimental  error.  There  was  thus  no 
appreciable  retention  of  calcium  oxide  during  the  period  in  ques- 
tion. During  another  ten-day  period,  in  which  the  calcium  oxide 
was  studied  by  Dr.  Wakeman  under  somewhat  less  favorable  ex- 
perimental conditions,  there  was  shown  an  actual  loss  of  calcium 
oxide  in  the  feces  and  urine  as  compared  with  the  calcium  oxide 
taken  in  wdth  the  food.  The  very  small  quantities  of  calcium  found 
in  the  urine,  in  the  experimental  periods  relating  to  this  case,  point 
to  defective  absorption  of  calcium  from  the  intestinal  tract. 

Precisely  similar  results  w^ere  obtained  from  the  study  of  the  mag- 
nesium balance.  During  the  ten-day  period  corresponding  to  the 
one  for  which  the  figures  for  calcium  oxide  have  just  been  given,  the 
urine  contained  1  gram  of  magnesium  (calculated  as  magnesium 
oxide),  giving  an  average  of  0.10  gram  daily.  During  the  same 
period  the  magnesium  in  the  feces  was  equivalent  to  1.35  grams  of 
magnesium  oxide,  giving  an  average  of  0.135  gram  daily.  The 
magnesium  oxide  of  the  urine  and  the  feces  in  this  ten-day  period 
was  equivalent  to  2.35  grams.     On  the  other  hand,  the  magnesium 
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of  the  food  (calculated  as  magnesium  oxide)  was  2.19  grams.  It  is 
thus  evident  that  for  the  entire  period  of  ten  days  there  was  a  loss  of 
magnesium  oxide  equivalent  to  0.16  gram.  This  amount  may  pos- 
sibly fall  within  the  limits  of  experimental  error.  The  result  indi- 
cates that  during  the  period  in  question  the  body  was  retaining  no 
magnesium.  The  cause  of  this  failure  of  the  organism  to  retain 
magnesium  and  calcium  will  be  discussed  in  considering  the  path- 
ology of  infantilism. 

The  study  of  the  phosphoric  acid  of  the  urine  and  feces,  on  the 
one  hand,  and  of  the  food,  on  the  other,  gives  results  comparable 
mth  those  just  given  for  calcium  and  magnesium.  During  the  ten- 
day  period  the  urine  contained  10.46  grams  of  phosphoric  acid,  or 
an  average  of  1.05  grams  of  phosphoric  acid  daily.  The  feces 
during  the  same  period  contained  10.70  grams  of  phosphoric  acid, 
an  average  of  1.07  grams  daily.  During  the  ten-day  period  the 
urine  and  feces  together  contained  21.16  grams  of  phosphoric  acid, 
with  a  daily  average  of  2.12  grams.  During  this  same  time  the 
food  contained  20.29  grams  of  phosphoric  acid,  vdth  a  daily  average 
of  2.03  grams.  These  results  thus  indicate  a  slight  loss  of  phos- 
phoric acid  during  the  ten-day  period  in  question,  but  the  loss  is  so 
small  as  to  fall  nearly  within  the  limits  of  experimental  error,  and 
hence  is  to  be  disregarded. 

THE    FAT    LOSS   BY   THE    FECES. 

In  all  of  the  cases  of  infantilism  it  has  been  noteworthy  that  the 
stools  have  been  excessively  fatty,  even  where  only  moderate  quan- 
tities of  fat  have  been  taken  with  the  food.  The  presence  of  large 
amounts  of  fatty  acids  has  already  been  referred  to  in  speaking  of 
the  appearances  of  the  feces  in  these  cases.  Another  characteristic 
is  the  presence  of  soaps,  the  white  masses  of  which,  looking  like 
small  granular  coagula  of  casein,  sometimes  give  a  very  noteworthy 
appearance  to  the  stools.  These  masses  of  white  soaps  (probably 
calcium  soaps)  have  often  been  mistaken  for  casein. 

In  Case  I  the  fats  of  the  feces  were  subjected  to  careful  study. 
It  was  found  that  the  total  percentage  of  fats  in  the  solids  was  uni- 
formly high,  even  on  a  diet  containing  only  moderate  amounts  of  fat. 


"288       herter:  infantilism  from  intestinal  infection 

Thus,  at  different  periods,  lasting  from  two  to  ten  days,  the  per- 
centages of  fats  of  the  sohds  of  the  feces  amounted  to  29.80,  31.93, 
32.78,  44.60,  39.21,  41.96,  47.26,  40.90,  25.01,  39.66,  36.16.  These 
figures  include  not  merely  the  ethereal  extracts,  but  also  the  fatty 
acids  in  the  form  of  soaps.  They,  therefore,  represent  the  total  fats 
lost.  It  will  be  seen  that  these  figures  represent  a  large  loss  of  fat 
of  the  food.  The  actual  loss  of  fat  for  various  periods  is  shown  by 
the  following  table,  which  also  shows  the  losses  of  soaps  and  the 
losses  of  calcium  combined  as  soaps  (assuming  the  soaps  to  consist 
wholly  of  soaps  of  calcium) : 

Table  I. — Showing  Actual  Loss  of  Fat  with  Feces  during  Various 

Periods. 

.  Calcium  oxide 

Total  fats  Soaps  from  soaps 

per  period.  per  period.  per  period. 

Case  I. — Date  of  period.                                       Grams.  Grams.  Grams. 

December  2,  6,  8,  1907 21.6  1.46  0.14.5 

December  13,  14,  19,  20,  1907 23.8  0.93  0.092 

December  20,  21,  1907 22.2  3.16  0.313 

December  25,  29,  31,  1907 20.9  2.69  0.266 

January  19,  20,  1908 13.0  2.61  0.258 

January  26,  27,  1908 17.0  4.20  0.416 

February  8,  9,  10,  1908 29.2  4.67  0.^3 

February  14,  15,  16,  17,  1908 32.1  4.74  0.469 

March  10  to  20,  1908 55.6  10.80  1.070 

Comparing  these  figures,  representing  the  loss  of  fat,  with  the 
figures  representing  the  intake  of  fat  during  one  of  the  periods 
studied  (March  10  to  20,  1908),  it  was  found  that  the  percentage  of 
fat  absorbed  was  85.5,  w^hile  the  percentage  of  fat  lost  was  14.5. 
These  figures  indicate  the  considerable  extent  to  which  the  fat  is  lost 
in  these  cases  on  a  diet  containing  only  a  moderate  amount  of  fat, 
since  in  a  normal  individual  one  would  look  for  a  fat  absorption  of 
from  92  to  98  per  cent.  But  these  figures  relate  to  a  period  of 
improvement  and  by  no  means  show  the  worst  fat  absorption  noted 
in  Case  I.  At  an  earlier  period,  with  the  same  daily  intake  of  fat 
(38.28  grams),  the  losses  were  frequently  from  20  to  25  per  cent., 
und  once  reached  40  per  cent.,  of  the  ingested  fat. 

Observations  have  been  made  in  Case  I  relative  to  the  proportions 
existing  between  the  neutral  fats,  the  fatty  acids,  and  the  soaps. 
They  show  that  fat-splitting  and  saponification  have  occurred  in 
•high  degree  in  the  intestinal  tract,  since  the  fatty  acids  range  from 
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40.75  per  cent,  to  80.25  per  cent.,  while  the  soaps  vary  from  3.89 
per  cent,  to  20.08  per  cent.  The  neutral  fats,  on  the  other  hand, 
range  from  6.88  to  39.85  per  cent.  It  is  thus  evident  that  the  greater 
part  of  the  fats  lost  are  in  the  form  of  fatty  acids,  and  that  the  sum 
of  the  fatty  acids  and  the  soaps  make  up,  on  the  average,  about 
three-quarters  of  the  total  fat  lost.  These  losses  cannot,  of  course, 
be  attributed  to  any  failure  of  fat-splitting  in  the  intestine,  but  are 
clearly  referable  to  a  diminished  power  of  absorption.  It  is  note- 
worthy that  so  considerable  a  percentage  of  the  total  fats  lost  is  in 
the  form  of  soaps  of  the  fatty  acids.  The  importance  of  this  fact 
lies  in  the  consideration  that  these  soaps  are,  for  the  most  part, 
calcium  and  magnesium  soaps  (chiefly  the  former),  and  that  they 
represent  a  loss  of  calcium  and  magnesium  to  the  organism  dependent 
on  non-absorption  of  the  soaps  of  these  alkali  earths.  It  is  true  that 
only  a  relatively  small  percentage  (say  10  per  cent.)  of  the  calcium 
lost  in  the  feces  is  present  in  the  form  of  soaps,  but  it  is  obvious  that 
the  non-absorption  of  the  quantity  of  calcium  represented  by  this 
proportion  is  enough  to  determine  whether  the  organism  shall  or 
shall  not  gain  calcium  for  the  purpose  of  building  up  the  skeleton. 
The  same  considerations  hold  true  also  of  magnesium. 

Let  us  take  a  specific  example  relating  to  calcium.  Between 
March  10  and  March  20  there  was  a  loss  of  10.8  grams  of  soaps. 
These  soaps  consist  almost  entirely  of  soaps  of  calcium,  and  have 
been  calculated  as  such  in  the  foregoing  table.  On  this  assumption 
the  calcium  oxide  representing  these  soaps  would  amount  to  1.07 
grams.  For  a  period  of  one  year  the  calcium  oxide  thus  lost  as 
soaps  would  amount  to  more  than  36  grams.  The  gain  of  so  much 
calcium  by  the  skeleton,  or  its  loss  through  the  feces,  is  clearly  an 
important  element  in  the  skeletal  growth.^ 

'  I  have  calculated  that  the  average  yearly  accretion  of  calcium  oxide  by  the  skeleton, 
between  the  third  and  sixteenth  year,  is  51.6  grams.  If  we  deduct  36  grams  of  calcium  oxide 
as  representing  the  loss  through  soaps,  we  see  that  there  will  be  left  but  little  calcium  for  the 
purpose  of  skeleton  building. 

The  above  result  was  reached  by  the  following  data: 

Estimate  of  the  Average  Yearly  Addition  of  Calcium  (as  Calcium  Oxide)  to  the  Human 
Skeleton  between  the  Third  and  Sixteenth  Years. 

Weight  of  body  at  three  years 16.0  kilos. 

Weight  of  body  at  sixteen  years 50.0      " 

Estimated  weight  of  skeleton  in  percentage  of  total  at  three  years      .      .      .      15.0  per  ct. 
Estimated  weight  of  skeleton  in  percentage  of  total  at  sixteen  years  .      .      .      17.0 

Weight  of  skeleton  at  three  years 2.4  kilos. 

Weight  of  skeleton  at  sixteen  years 8.5      " 

Am  Phys  19 
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PATHOLOGY. 

It  is  desirable  to  consider  the  data  that  have  been  presented  in 
the  foregoing  pages,  with  a  view  to  their  bearing  on  the  padiology 
of  intestinal  infantihsm.  It  is  beheved  tha.t  the  data  now  avail- 
able will  suffice  to  form  a  conception  of  the  nature  of  the  processes 
that  underlie  this  serious  disorder  of  nutrition,  even  if  they  do  not 
serve  to  satisfactorily  clear  up  all  questions  relating  to  the  etiology 
of  the  affection.  There  are  two  large  and  distinct  but  related 
features  of  intestinal  infantilism  which  must  be  taken  into  account 
in  any  endeavor  to  understand  the  morbid  processes  on  which  the 
clinical  manifestations  depend.  These  are:  (1)  The  extreme  retarda- 
tion in  general  bodily  development;  and  (2)  the  state  of  intoxi- 
cation which  manifests  itself  in  prominent  derangements  of  the 
neuromuscular  svstem. 


THE    RETARDATION    IN   DEVELOPMENT. 

The  retardation  in  the  development  of  the  body  implicates,  as 
abeady  stated,  the  skeleton,  muscles,  fat,  and  viscera  generally, 
while  slowing  the  growth  of  the  brain  in  relatively  shght  degi'ee. 
^\^lere  are  we  to  seek  for  an  explanation  of  the  actual  check  to  the 
general  growth  and  the  disparity  in  state  of  bodily  nutrition  as  com- 
pared with  that  of  the  brain? 

The  retardation  in  growth  undoubtedly  depends,  in  the  main,  on 
a  simple  cause — insufficiency  of  the  foodstuffs  absorbed  from  the 
digestive  tract.     Such  insufficiency  of  absorption  may  be  referable 

L'ndried  bone  contains  22  per  cent,  of  bone  earth. 

Skeleton  of  2.4  kilos  contains  0.53  kilo  of  bone  earth. 

Skeleton  of  8.5  kilos  contains  1.87  kilos  of  bone  earth. 

Accretion  of  bone  earth  by  skeleton  between  the  age  of  three  and  sixteen 
years  equals  1.34  kilos. 

Bone  earth  contains  approximately  84  per  cent,  of  calcium  phosphate. 

Bone  earth  contains  approximately  13  per  cent,  of  calcium  carbonate. 

1.34  kilos  of  bone  earth  contain  1.125  kilos  of  calcium  phosphate. 

1.34  kilos  of  bone  earth  contain  0.175  kilo  of  calcium  carbonate. 

1.125  kilos  of  calcium  phosphate  contain  0.6  kilo  of  calcium  oxide. 

0.175  kilo  of  calcium  carbonate  contains  0.07  kilo  of  calcium  oxide. 

Total  calcium  oxide  in  1.34  kilos  of  bone  earth  equals  0.67  kilo  of  calcium  oxide. 

This  represents  the  accretion  of  calcium  oxide  during  thirteen  years  of  skeletal  growth. 
The  yearly  average  accretion  of  calcium  oxide,  in  skeletal  growth  between  these  years 
therefore  equals  0.0516  kilo,  or  51.6  grams. 
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to  an  inadeciuate  food  supply  or  to  imperfect  absorption  of  food- 
stuffs from  the  tract.  The  dietetic  conditions  in  our  cases  were  of 
such  a  nature  as  not  to  exckide  the  former  factor,  although  making 
impaired  absorption  largely  responsible  for  the  diminished  supply  of 
food  materials  available  for  the  growth  of  the  body.  In  thus  stating 
the  case  no  allowance  is  made  for  the  possibility  that  there  may  be 
disturbances  of  metabolism  which  make  for  the  impaired  utilization 
of  foodstuffs  after  their  absorption.  It  will  be  pointed  out  in  the 
course  of  this  discussion  that  metabolic  derangements  do,  to  some 
extent,  exist,  but  that  they  are  to  be  considered  as  secondary  to  the 
absorption  of  mildly  toxic  but  continually  formed  products.  The 
following  considerations  will,  I  believe,  serve  to  show  that  the  lead- 
ing cause  of  the  arrest  of  growth  is  neither  deficient  food^  nor  specific 
disorders  of  metabolism,  but  serious  defects  in  digestion  and  absorp- 
tion, which  find  expression  in  a  failure  of  the  organism  to  get  its 
proper  share  of  nutritious  materials  from  the  digestive  tube.  These 
defects  may  be  considered  from  the  standpoint  of  the  carbohydrates,, 
the  fats,  the  proteins,  and  the  salts,  respectively. 

It  has  been  pointed  out  that  a  prominent  feature  in  the  nutritional 
history  of  intestinal  infantilism  is  the  intolerance  for  carbohydrates 
which,  even  in  moderate  amounts,  lead  quickly  to  soft  or  diarrheal 
movements,  often  with  an  increase  in  mucus  and  sometimes  with  a 
markedly  excessive  formation  of  intestinal  gases.  Even  if  the  dis- 
turbances incidental  to  the  moderate  use  of  carbohydrates  are  for  a 
time,  at  least,  less  obtrusive  than  those  just  mentioned,  the  physician 
is  ultimately  convinced  that  his  patient  is  freest  from  intestinal 
symptoms  when  this  class  of  foodstuffs  is  much  restricted.  This 
conviction  has  the  practical  result  that  the  child  is  in  considerable 
degree  deprived  of  that  class  of  foodstuffs  on  which  the  organism 
mainly  depends  for  its  caloric  needs.  The  formation  of  adipose 
deposits  depends  in  childhood,  in  at  least  a  measure,  on  the  ability 
of  the  organism  to  appropriate  carbohydrates  in  greater  quantity 
than  is  necessary  to  maintain  the  body  weight,  this  surplus  being 
clearly  convertible  into  fat  by  obscure  synthetic  processes.     Under 

1  It  is  true  that  in  each  of  the  five  eases  there  were  times  when  the  food  was  deficient  in 
amount,  but  in  all  instances  repeated  efforts  were  made  (sometimes  unsuccessful)  to  increase 
the  food  supply  sufficiently  to  make  it  enough  for  the  needs  of  normal  children  of  corre- 
sponding weight,  or  even  in  excess  of  their  needs. 
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normal  conditions  it  is  further  probable  that  the  sugars  and  starches 
furnish  a  portion  of  the  material  used  in  the  upbuilding  of  the  living 
protoplasm  generally,  especially  that  of  the  muscles  and  parenchy- 
matous organs.  But  from  experience  with  diabetic  persons,  and 
from  various  physiological  facts,  we  know  that  these  functions  of 
the  carbohydrates  may  be,  in  a  large  degree,  substituted  by  the  fats 
and  proteins  of  the  food.  The  development  of  a  diabetic  child  is 
possible  if  the  carbohydrates  are  replaceable  by  these  other  food- 
stuffs, but  only  in  this  case.  The  same  statement  probably  holds 
equally  true  of  many  children  suffering  from  digestive  derangements. 
It  being  necessary  to  deprive  our  patients  with  infantilism  to  a  con- 
siderable extent  of  their  carbohydrates,  we  turn  with  especial  interest 
to  learn  hoAV  these  children  dispose  of  their  fats  and  proteins. 

The  fats  are,  on  the  whole,  better  tolerated  than  the  carbohydrates 
by  our  patients  with  intestinal  infantilism;  that  is  to  say,  if  we 
give  to  a  child  whose  caloric  needs  are  1000  calories  per  diem,  100 
grams  of  carbohydrates  or  its  approximate  caloric  equivalent  in  fats 
(say  50  grams  of  fat),  the  latter  may  cause  less  obvious  disturbance 
of  function  than  the  former.  But  from  this  we  are  not  justified  in 
concluding  that  the  fats  are  in  reality  well  utilized.  They  may  be 
tolerated  in  the  sense  that  they  do  not  promptly  bring  on  obtrusive 
symptoms,  but  examination  of  the  movements  shows  that  the 
absorption  of  fats  is  far  below  the  standard  for  health  as  regards 
neutral  fats,  fatty  acids,  and  soaps.  Thus,  in  Case  I  there  vras 
during  a  period  of  two  days  of  fat  diarrhea  a  loss  of  22.2  grams  of 
fat  (neutral  fat,  fatty  acids,  and  soaps),  or  11.1  grams  daily.  This 
large  loss  in  fat  represents  nearly  40  per  cent,  of  the  fat  intake  at  the 
time,  and  is  equivalent  to  a  waste  of  about  100  calories  daily.  Losses 
of  from  7  to  8  grams  of  fat  daily  were  common,  representing  25  per 
cent,  of  the  fat  ingjested.  In  this  great  loss  of  fat  we  have  the  kev  to 
the  understanding  of  the  failure  in  nutrition,  which  constitutes  the 
most  prominent  feature  of  intestinal  infantilism. 

It  is  obvious  that  such  a  fat  loss  (and  the  example  is  representa- 
tive of  the  cases  which  have  up  to  the  present  come  to  my  notice, 
having  been  also  marked  in  Cases  II,  III,  and  IV),  when  added  to  an 
intolerance  for  carbohydrates,  can  lead  to  nothing  less  than  a  state 
of  well-defined  under-nutrition.     "We  can  imitate  this  condition  by 
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withholding  fats  in  large  degree  from  young  animals.  In  making  this 
experiment  with  young  puppies  and  with  young  pigs,  I  found  it  easy 
to  prevent  any  increase  in  weight,  nothwithstanding  milk  proteins 
were  given  much  in  excess  of  ordinary  recjuirements,  together  with 
the  milk  sugar  naturally  present  in  milk.  I  therefore  believe  that 
the  incapacity  to  absorb  fats  and  carbohydrates  is  in  itself  sufficient 
to  explain  a  state  of  infantilism  in  the  human  subject  despite  the 
free  use  of  proteins.  It  will  be  seen,  however,  that  the  failure  to 
absorb  fats  entails  two  other  consequences  which  lend  their  influence 
to  hinder  development — a  loss  in  calcium  and  magnesium  salts  and 
an  increase  in  intestinal  putrefaction.  Before  discussing  these  fac- 
tors in  the  pathology  of  infantilism,  it  is  desirable  to  consider  the  fate 
of  the  ingested  proteins. 

A  study  of  the  nitrogen  balances  (for  three  separate  periods), 
derived  from  a  comparison  of  the  nitrogen  ingested  with  the  nitrogen 
lost  with  the  urine  and  feces  (in  Case  I),  shows  that  no  nitrogen  was 
gained  (a  slight  positive  balance  noted  in  one  period  being  little 
above  the  limits  of  reasonable  experimental  error)  during  the  periods 
in  question.  This  is,  of  course,  a  not  surprising  result  if  w^e  con- 
sider the  very  small  gain  of  the  patient  in  weight;  and  there  is 
no  reason  to  doubt  that  this  result,  derived  from  a  study  of  Case  I, 
could  have  been  paralleled  by  studies  of  the  nitrogen  balances  in 
any  of  the  other  cases  of  infantilism  during  the  period  of  almost  total 
arrest  in  growth. 

Table  II. — Showing  the  Intake  of  Nitrogen  with  the  Food,  and  Loss 
OF  Nitrogen  with  the  Feces,  according  to  Periods. 

N.  of  food.  N.  of  feces.  Loss  of  N. 

Case  I.                                                     Grams.  Grams.  Per  cent. 

Period  I  (three  days) 22.89  2.34                 10.2 

Period  II  (four  days) 29.03  4.39                  14.7 

Period  III  (ten  days) 66.46  8.44                 12.5 

If  we  look  at  the  figures  in  Table  II  which  relate  to  the  absorption 
of  nitrogen  from  the  digestive  tract  for  the  periods  in  question  in  Case 
I,  we  note  that  the  absorption  of  protein  (as  measured  by  its 
nitrogen  content)  is  not  so  complete  as  it  should  be.  In  Period  I, 
covering  three  days,  the  nitrogen  of  the  food  was  22.89  grams,  and 
that  of  the  feces  2.34  grams.     The  loss  of  nitrogen  by  the  feces  in  this 
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period  was  10.2  per  cent.  In  Period  II,  covering  four  days,  the 
nitrogen  of  the  food  was  29.03  grams,  the  nitrogen  of  the  feces  4.39 
grams.  The  nitrogen  lost  by  the  feces  in  this  period  was  14.7  per 
cent.  In  Period  III  the  food  contained  60.46  grams  of  nitrogen,  and 
the  feces  8.44  grams.  Here  the  loss  in  nitrogen  equalled  12.5  per 
cent.^  In  health  the  loss  of  nitrogen  by  the  feces,  under  comparable 
conditions  of  protein  feeding,  is  not  greater  than  7  or  8  per  cent,  of 
the  nitrogen  ingested.  So  we  may  say  that  the  protein  absorption 
in  Case  I  was  somewhat  under  90  per  cent,  instead  of  92  per  cent. 
or  over.  Protein  absorption  is,  therefore,  relatively  much  better 
than  the  absorption  of  fat,  despite  the  fact  that  it  is  somewhat 
impaired. 

Our  interest  in  the  fate  of  the  inorganic  salts  centres  about  the 
alkali  earths.  It  has  been  made  out  that  in  Case  I,  where  a  careful 
balance  was  made  of  the  calcium  and  magnesium,  the  organism 
failed  to  gain  either  of  these  elements.  Under  these  conditions  it 
is  not  surprising  that  the  skeleton  should  remain  stationary  in 
weight.  In  a  healthy,  growing  child,  weighing  25  pounds,  there 
should  be  definite  evidence  of  the  absorption  of  calcium  and  mag- 
nesium in  quantities  sufficient  to  account  for  the  uninterrupted  and 
rapid  growth  of  the  skeleton  during  infancy  and  childhood. 

Even  under  wholly  normal  conditions  the  quantity  of  calcium 
daily  absorbed  from  the  intestine  of  a  young  child  is  small,  while  the 
loss  of  calcium  by  the  feces  is  large.  Thus,  in  a  normal  child  of  nine 
months  the  feces  contained  2.122  grams  of  calcium  (estimated  as 
oxide),  while  the  food  contained  only  a  little  more  than  this — 2.194 
grams.-  It  is  perfectly  obvious  that  any  influence  which  tends  to 
diminish  the  absorption  of  this  small  proportion  of  the  ingested  cal- 
cium must  jeopardize  the  small  daily  supply  of  this  element,  which  is 
required  for  the  growth  of  the  skeleton,  and  it  is  important  to  note 
that  in  some  apparently  healthy  children  the  maintenance  of  a  posi- 
tive or  negative  calcium  balance  is  determined  by  apparently  so 
slight  a  factor  as  the  variation  in  the  percentage  of  fat  in  the  milk. 

1  Some  portion  of  the  nitrogen  of  the  feces  is  attributable  to  the  epithelial  detritus  present 
here  in  excess,  but  it  is  difficult  to  make  a  fair  allowance  for  this. 

2  O.  Rothberg,  L'eber  den  Einfluss  der  organischen  Nahrungskomponenten  auf  den 
Kalkumsaltz  kunstlich  genahrten  Saulinge,  Jahrb.  f.  Kinderheilk.,  66  der  dritten  Folge, 
1907,  Band  xvi.  Heft  1. 
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Thus,  Rothberg^  found  that  the  use  of  skimmed  milk  insured  a 
positive  calcium  balance  (even  in  some  children  with  definite  signs 
of  rickets),  whereas  in  a  certain  number  of  children  the  use  of  full- 
fat  milk  caused  a  marked  negative  balance.  Quite  similar  results 
were  obtained  by  Birk^  in  his  study  of  the  magnesium  metabolism  in 
nurslings;  and  it  may  be  further  noted  that  both  in  the  case  of 
calcium  and  magnesium  a  negative  balance  may  be  induced  in  some 
children  by  the  free  use  of  carbohydrates,  for  reasons  at  present  not 
clear. 

It  has  been  several  times  mentioned  that  a  leading  feature  in  the 
pathology  of  infantilism  is  the  large  loss  in  fat  by  the  feces.  A 
portion  of  this  fat  (varying  in  Case  I  from  14  to  20  per  cent,  of  the 
total  fat  lost)  is  present  as  soaps,  and  especially  as  soaps  of  calcium. 
If  we  assume  that  the  soaps  of  the  feces  exist  as  soaps  of  calcium 
(an  assumption  not  far  from  the  truth,  since  magnesium  soaps  are 
present  in  only  small  proportion),  it  is  clear  that  the  loss  of  saponified 
fat  entails  a  significant  loss  of  calcium.  Thus,  in  Case  I  the  loss  in 
soaps  during  a  ten-day  period  amounted  to  19.8  grams,  corresponding 
to  a  withdrawal  of  1.07  grams  of  calcium  oxide  during  the  same  time. 
This  is  a  quantity  of  calcium  sufficiently  large  to  be  of  the  first  impor- 
tance to  the  skeleton,  for,  in  a  case  where  there  is  practically  no  gain 
and  no  loss  in  skeletal  calcium,  a  positive  balance  would  be  estab- 
lished by  the  absorption  and  appropriation  of  any  portion  of  the 
calcium  habitually  lost  as  soap.  The  utilization  of  the  entire 
amount  of  calcium  present  as  soap  would  make  possible  a  fair 
skeletal  growth;  and  I  have  calculated  that  the  full  absorption  of 
this  calcium  (through  improved  soap  absorption)  would  in  itself  be 
almost  enough  to  account  for  a  wholly  normal  skeletal  development. 
It  is  possible,  however,  that  in  order  to  secure  normal  skeletal 
growth,  we  should  have  to  obtain  a  somewhat  improved  absorption 
of  calcium  not  present  as  soap.  I  cannot  further  discuss  this  point, 
for  I  do  not  know  enough  of  the  conditions  attending  physiological 
fat  absorption. 

Sufficient  evidence  has  now  been  brought  forward  to  support  the 
contention  that  the  arrested  growth  of  infantilism  can  be  explained 

'  Loc.  cit. 

^  Ueber  den   Magnesiumsaltze  cle  Saulings,  Jahrb.  f.  Kinderheilk.,  66  der  dritten  Folge, 
1907,  Band  xvi,  Heft  3. 
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l)y  the  inability  of  the  organism  to  secure  an  adequate  supply  of 
nutrient  materials  from  the  lumen  of  the  digestive  tract.  The 
failure  to  absorb  sufficient  calcium  and  magnesium  accounts  for  the 
arrest  of  skeletal  growth;  the  restricted  absorption  of  carbohydrates 
and  fats  explains  the  failure  to  lay  up  fat,  and  at  least  partially 
accounts  for  the  cessation  in  the  growth  of  muscle.  The  proportionate 
retardation  in  the  growth  of  the  viscera  doubtless  has  a  similar 
origin,  although,  possibly,  here  the  physiological  adaptation  of  vis- 
ceral structures  to  the  needs  of  the  rest  of  the  body  may  have  an 
influence.  The  relatively  large  size  of  the  head  and  brain  may  be, 
in  part,  due  to  the  large  size  of  the  brain  at  birth,  but  it  appears  that 
the  growth  of  the  brain  in  infantilism  is  somewhat  out  of  proportion 
to  the  very  slow  development  or  entire  arrest  of  the  body  in  general. 
This  is,  perhaps,  attributable  to  the  protected  position  of  the  central 
nervous  system,  in  the  sense  that  it  not  merely  exercises  a  kind  of 
first  call  on  the  nutritive  materials  which  it  recjuires,  but  is  also  in 
large  measure  screened  from  the  action  of  certain  poisonous  sub- 
stances by  the  action  of  the  liver,  muscles,  etc. 

The  leading  feature  of  infantilism — the  prolonged  arrest  of  devel- 
opment in  early  childhood — is  thus  seen  to  be  due  to  an  impaired 
power  of  absorption  of  nutrient  materials,  in  so  far  as  it  depends  on  a 
lack  of  available  fats,  salts,  and  proteins.  The  relation  between 
insufficient  carbohydrates  and  defective  absorption  is  less  simple, 
for  the  restriction  in  this  class  of  foodstuffs  is  often  one  encouraged 
by  the  physician  on  account  of  the  evil  consequences  following  even 
the  moderate  use  of  sugars  and  starches.  Probably  a  failure  on  the 
part  of  the  intestine  to  promptly  absorb  the  dextrose  formed  during 
the  digestion  of  starches  is  a  factor  in  depriving  the  organism  of  its 
proper  share  of  carbohydrates,  but  this  would  perhaps  not  suffice 
to  make  this  deprivation  significant  but  for  the  intervention  of  a 
second  factor,  namely,  the  excessively  rapid  decomposition  of  dex- 
trose by  bacteria. 

The  impaired  power  of  absorbing  foodstuffs  from  the  intestinal 
tract  I  believe  to  be  referable  to  a  chronic  inflammatory  process, 
implicating  especially  the  lower  lengths  of  the  small  intestine,  and 
perhaps  the  contiguous  portion  of  the  colon.  This  inference  is 
based,  in  part,  on  the  occurrence  of  mucus  and  epithelial  cells  inti- 
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raately  mingled  with  the  intestinal  contents,  and  partly  on  certain 
resemblances  between  the  signs  of  chronic  saccharobutyric  putre- 
faction in  adults,  a  condition  in  which  there  is  direct  evidence  of 
congestion  and  inflammation  of  the  mucous  membrane  of  the  ileum 
and  colon.  The  inflammation  of  the  digestive  tract  in  infantilism 
can  be  confidently  attributed  to  the  presence  and  dominance  of  an 
unsuitable  bacterial  flora. 

It  is  likewise  to  this  unsuitable  bacterial  flora  that  we  have  to 
attribute  the  excessive  putrefactive  decompositions  in  the  intestinal 
tract  on  which  depends  the  second  leading  group  of  symptoms  of 
intestinal  infantilism,  namely,  the  chronic  intoxication  of  the  neuro- 
muscular system,  which  is  in  every  case  discernible.  Among  the 
products  of  putrefaction  in  the  intestine  are  indol,  indolacetic  acid, 
phenol,  and  the  aromatic  oxyacids.  We  know  that  indol  exerts  an  irri- 
tant action  on  the  central  nervous  system,  an  action  which,  if  long 
continued,  leads  to  depression  of  function.  Likewise  the  depressant 
action  of  indol  on  the  muscles  is  well  marked.^  Of  the  action  of  the 
other  aromatic  putrefactive  substances  on  the  neuromuscular  sys- 
tem little  is  positively  known.  Clinical  observation  makes  me  think 
that  indolacetic  acid  may  exert  an  action  similar  to  that  of  indol,  but 
milder  in  intensity.  The  fact  that  the  signs  of  intoxication  (emo- 
tional irritability  and  depression,  rapid  muscle  fatigue)  undergo 
striking  amelioration  coincidently  with  a  marked  fall  in  the  cjuan- 
tity  of  the  aromatic  putrefactive  substances  in  the  urine  seems  a 
reliable  indication  that  the  neuromuscular  intoxication  is  related  to 
the  excessive  absorption  of  such  putrefactive  substances  from  the 
digestive  tract.  There  is  another  aspect  of  this  excessive  putrefac- 
tion which  must  not  be  overlooked  in  any  discussion  of  the  pathology 
of  infantilism,  namely,  the  loss  of  food  material  which  it  entails. 
As  an  instance  we  may  take  the  case  of  tryptophan  and  indolacetic 
acid.  The  latter  is  sometimes  formed  in  such  large  cjuantities  from 
the  former,  in  the  course  of  putrefaction,  as  to  rob  the  organism  of  a 
not  insignificant  quantity  of  tryptophan — an  amino-acid  which  there 
is  every  reason  to  regard  as  essential  to  nutrition.  There  may  be  a 
similar  loss  of  ty rosin  owing  to  the  putrefactive  conversion  of  this 

'  See  experiments  of  F.  S.  Lee,  mentioned  in  my  volume,  Common  Bacterial  Infections 
of  the  Digestive  Tract,  p.  255. 
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amino-acid  into  aromatic  oxyacids  in  the  intestinal  tract.  Finally, 
it  must  be  regarded  as  an  open  question  whether  the  products  of 
putrefaction,  after  absorption,  may  not  have  some  damaging  influ- 
ence on  the  processes  of  metabolism  themselves  through  their  action 
on  cells  entrusted  with  important  assimilative  powers. 

The  two  cardinal  features  of  infantilism,  arrest  of  bodily  growth 
•and  the  group  of  symptoms  based  on  chronic  intoxication,  thus  have 
their  origin  in  an  abnormal  intestinal  flora  possessed  of  a  high  degree 
of  parasitism,  owing  to  a  long  period  of  adaptation.  The  nature  of 
the  pathological  flora  has  been  already  described  in  so  far  as  it  has 
been  studied  in  a  small  number  of  typical  examples  of  intestinal 
infantilism.  The  interpretation  of  these  findings  can,  however,  be 
undertaken  only  with  much  caution  owing  to  the  scantiness  of  our 
real  knowledge  of  the  biological  characters  of  the  microorganisms 
which  we  have  found  to  be  so  regularly  and  persistently  associated 
with  intestinal  infantilism.  The  evidence  on  which  we  must  base 
a  judgment  is  circumstantial  rather  than  direct.  It  is  unlikely  that 
the  pathological  state  can  be  experimentally  reproduced  in  animals 
by  means  of  the  organisms  which  we  have  found  to  be  characteristic 
of  the  chronic  human  infection.  The  ordinary  tests  of  patho- 
genicity have  given  negative  results  with  the  three  types  of  organisms 
which  appear  most  intimately  related  to  the  infection,  namely,  B. 
bifidus,  B.  infantilis,  and  the  cocco-bacillary  forms.  In  other  words 
we  cannot  here  apply  the  criteria  that  have  served  so  well  in  studying 
acute  infectious  diseases.  There  are,  nevertheless,  certain  obtrusive 
phenomena  which  cannot  be  overlooked  and  which  call  for  some 
comment.  The  great  abundance  of  B.  bifidus  in  the  formed  and 
diarrheal  stools  of  infantilism  and  in  the  mucus  contiguous  to  the 
mucosa,  suggests  a  relationship  of  a  causative  nature  to  the  inflam- 
matory process  within  the  gut.  This  suggestion  is  made  the  more 
reasonable  by  the  fact  that  periods  of  improvement  in  absorption 
(due  presumably  to  amelioration  in  the  intensity  of  the  inflamma- 
tion) have  been  associated  in  numerous  instances  with  a  partial 
disappearance  of  B.  bifidus  from  #he  stools,  or  through  a  modification 
in  the  morphology  of  the  organism  pointing  plainly  to  a  decline  in 
vigor.  It  is  perhaps  true  that  the  same  argument  might  be  applied 
with  equally  good  reason  to  the  relation  of  B.  infantilis  to  infantilism. 
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•except  that  we  have  not  found  this  organism  in  the  mucus.  Finally, 
the  fact  must  be  mentioned  that  the  disappearance  of  B.  hifidus  and 
B.  infantilis  has  been  noticed  to  be  concomitant  not  only  with  clinical 
improvement,  but  with  an  increase  in  the  numbers  of  the  cocco-bacil- 
lary  forms  which  are  apparently  always  present.  This  fact  seems  to 
indicate  that  this  group  of  organisms  is  less  objectionable  than  the 
microorganisms  which  it  replaces.  A  fact  which  calls  for  especial 
comment  is  the  occurrence  of  B.  hifidus  and  B.  infantilis  in  the  stools 
of  normal  infants,  and,  in  small  numbers,  in  some  healthy  adults. 
Tissier  and  other  French  observers  have  insisted  on  the  presence  of 
B.  hifidus  in  the  stools  of  nurslings,  even  maintaining  that  this 
microorganism  is  the  characteristic  and  dominant  one.  It  is  neces- 
sary to  reconcile  this  contention  with  the  suspicion  just  expressed, 
that  B.  hifidus  is  actually  an  injurious  agent  in  our  cases  of  infan- 
tilism. In  this  connection  it  is  important  to  state  at  the  outset  that 
the  study  of  many  Gram-stained  smears  from  normal  nurslings  indi- 
cates that  in  the  United  States  there  are  numerous  normal  nurslings 
from  whom  one  can  obtain  no  evidence  of  the  presence  of  B.  hifidus 
in  the  stools;  ai:id  this  assertion  is  supported  by  the  results  of  careful 
cultural  procedures  carried  on  by  experienced  persons.  On  the 
other  hand  B.  hifidus  did  appear  in  the  cultures  from  some  of  the 
normal  nurslings'  stools  examined  by  us;  and,  in  some  instances^ 
the  Gram-stained  fecal  fields  showed  a  great  abundance  of  positive 
forms,  possessing  a  morphology  indistinguishable  from  the  plain 
form  of  B.  hifidus.  But  there  are  two  comments  to  be  made  on  these 
findings:  First,  we  have  never  been  able  to  obtain  in  plate  cultures 
so  many  bifidus  organisms  from  normal  nurslings  as  from  cases  of 
infantilism,  and  it  seems  a  safe  inference  that  these  bacteria  are  in 
reality  more  abundantly  present  (in  at  least  some  cases  of  infan- 
tilism) than  in  healthy  nurslings.  Secondly,  it  must  be  plainly  stated 
that  there  is  no  sound  evidence  that  the  greater  number  of  the 
Gram-stained  positive  bifidus-like  bacteria  in  the  nurslings'  stools 
are  in  reality  examples  of  B.  hifidus.  The  French  writers  have 
assumed  that  the  organisms  seen  in  the  fecal  fields  are  bifidus,  but  the 
contention  has  never,  I  believe,  been  successfully  sustained  by  ade- 
quate cultural  methods.  We  know  that  B.  infantilis  and  some 
acidophile  bacteria  (other  than  B.  hifidus,  which  is  to  be  ranked  as  an 
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acidophile  microorganism  in  the  sense  of  being  able  to  grow  in  a 
strongly  acid  medium,  though  not  in  the  sense  of  being  restricted  in 
growth  in  a  neutral  medium)  may  exist  in  fecal  fields  side  by  side 
Avith  the  plain  form  of  B.  hifidus,  and  indistinguishable  from  it. 

Thus,  such  evidence  as  is  now  available  indicates  that  B.  hifidus^ 
is  considerably  more  abundant  in  the  stools  of  infantilism  than  in 
the  stools  of  normal  nurslings.  It  may  be  that  any  detrimental 
action  exerted  by  these  bacteria  is  due  to  their  relative  predominance 
in  the  intestinal  tract  of  infantilism,  perhaps  also  to  a  failure  in  a 
normally  existing  balance  or  symbiosis  with  bacteria  of  the  B.  coli 
or  B.  lactis  aerogenes  types.  It  will  require  considerable  further 
study  to  determine  this  question.  Likewise  the  relation  of  B.  in- 
fantilis to  the  genesis  of  infantilism  must  be  left  open.  It  may, 
however,  be  stated  with  much  confidence  that  intestinal  infantilism 
is  associated  (at  least  in  some  of  the  most  extreme  cases)  with  the 
persistence  and  dominance  of  types  of  flora  w^hich  belong  especially- 
to  the  period  of  infancy,  and  the  persistent  dominance  of  which  in 
the  third,  fourth,  fifth,  sixth,  and  even  eighth  year  of  life  (as  I  have 
observed  it)  must  be  regarded  as  distinctly  pathological. 

There  are  some  features  in  the  pathology  of  infantilism  that 
remain  obscure  despite  a  somewhat  close  study  of  the  subject;  for 
example,  I  cannot  yet  offer  a  satisfactory  explanation  of  the  extreme 
abdominal  distention  met  with  in  most  of  our  cases.  Neither  B. 
hifidus  nor  B.  infantilis  are  gas-formers.  The  same  is  true  of  the 
various  coccal  and  cocco-bacillary  forms.  It  is  unlikely  that  any  of 
them  are  primarily  concerned  w^ith  the  intestinal  gas-production. 
Possibly  owing  to  the  slow  absorption  from  the  small  intestine,  the 
carbohydrates  there  are  decomposed  by  B.  lactis  aerogenes,  whicb 
is  probably  present  in  the  upper  part  of  the  small  intestine.  We 
know,  for  example,  that  when  acting  on  potato  this  organism  forms; 
gas  abundantly.  But  the  study  of  the  diarrheal  fecal  fields  gives 
no  suggestion  that  there  is  any  excessive  multiplication  of  B.  ladis^ 
aerogenes  in  the  small  intestine.^ 

I  find  it  impossible  at  present  to  offer  a  well-supported  explanation 
of  the  putrefactive  cleavages  which  are  so  active  in  the  intestjne. 

'  It  must  be  remembered  that  we  have  not  had  the  opportunity  to  study  bacteriologically 
any  of  our  infantilism  patients  in  the  stage  characterized  by  active  gas-formation  and  dis- 
tention of  the  small  intestine. 
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Which  bacteria  or  association  of  bacteria  is  responsible  in  this  disease 
for  the  production  of  indol,  indolacetic  acid,  phenol,  and  para-oxy- 
phenylacetic  acid  is  still  far  from  clear.  Until  we  meet  with  more 
success  in  getting  B.  infantilis  and  B.  hifidus  to  grow  outside  the 
body  as  they  grow  in  the  intestinal  tract,  we  cannot  hope  to  clear  up 
this  feature  of  the  pathology  of  the  affection,  and  it  seems  best  at 
present  not  to  attempt  its  discussion. 

It  has  been  shown  that  the  persistence  and  overgrowth  of  bacterial 
flora  of  the  nursling  period  is  a  characteristic  of  the  infantilism 
patients  reported  in  this  paper.  Of  the  conditions  leading  to  this 
persistence  and  overgrowth  nothing  positive  is  known,  and  this  nec- 
essary knowledge  can  be  gained  only  by  very  careful  and  extended 
bacteriological  studies  of  the  intestinal  bacteria  in  the  earliest  stages 
of  the  disease. 

The  condition  of  infantilism  which  has  been  described  is  one 
possessing  clearly  defined  clinical  characters.  Whether  the  l)acterial 
causes  of  the  affection,  or,  more  properly,  its  bacterial  associations, 
are  always  of  the  same  nature  as  those  here  described  must  be  left 
an  open  question.  The  studies  which  have  been  made  point  to  a 
definite  relation  between  the  clinical  phenomena  and  the  peculiar 
bacterial  flora,  but  the  thoroughly  studied  cases  have  been  few,  and 
wider  experience  may  possibly  teach  us  that  our  definite  clinical 
type  may  be  associated  with  more  than  one  group  or  symbiotic 
association  of  bacteria. 

Other  etiological  factors  than  intestinal  infection  in  the  cases  of 
intestinal  infantilism  seem  improbable,  although  they  cannot  be 
positively  excluded.  The  recovery  which  has  taken  place  in  Case  I 
and  in  a  still  more  striking  degree  in  Case  II,  as  a  result  of  carefully 
planned  dietetic  and  hygienic  measures,  seems  to  speak  against  the 
specific  influence  of  non-intestinal  elements  of  causation,  as,  for 
example,  disorders  in  the  functions  of  glandular  organs,  such  as  the 
thyroid  gland  or  the  anterior  lobe  of  the  pituitary  body.  It  is  note- 
worthy that  in  all  our  cases  of  infantilism  there  have  been  at  least 
some  indications  of  rickets.  Since  the  retardation  in  the  growth  of 
the  skeleton  seems  clearly  referable  to  the  inadequate  al)sorption  of 
calcium  and  magnesium,  it  is  likely  that  such  indications  of  rickets 
as  have  been  observed  are  also  related  to  this  defect  in  assimilation 
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of  the  alkali  earths.  Our  cases  point,  however,  to  the  correctness 
of  the  view  that  something  more  than  mere  failure  to  adecjuately 
absorb  calcium  and  magnesium  must  enter  into  the  pathology  of 
rickets,  since  in  cases  of  such  marked  skeletal  retardation  as  we  have 
in  our  examples  of  infantilism  there  should  have  been  the  fullest 
opportunity  for  the  development  of  rickets,  were  this  disease  de- 
pendent merely  on  the  non-assimilation  of  the  bone-forming  elements. 
Under  the  circumstances  the  relative  slightness  of  the  rachitic  mani- 
festations is  a  feature  of  considerable  interest. 


the  acute  and  subacute  infections  leading  to  infantilism. 

Although  unable  to  give  an  adecjuate  account  of  the  bacteriology 
of  the  acute  and  subacute  cases  of  enterocolitis,  which,  in  my  judg- 
ment, are  the  antecedents  of  chronic  infantilism,  I  wish  to  mention 
here  the  existence  of  a  type  of  intestinal  inflammation  w^hich  stands 
in  this  causative  relation  to  the  chronic  affection.  These  cases 
usually  begin  between  the  end  of  the  first  year  and  the  middle  of 
the  third.  They  are  characterized  by  diarrhea  (usually  without 
tenesmus)  with  an  abundance  of  mucus,  but  no  blood.  The  diar- 
rheal discharges  are  usually  not  very  frecjuent.  The  loss  in  weight 
is  not  rapid  (1  to  2  ounces  daily),  but  may  progress  until  the  child 
is  much  emaciated.  There  is  usually  considerable  flatulence.  There 
is  a  moderate  or  marked  fall  in  hemoglobin.  The  temperature  is 
normal  or  subnormal.  The  appetite  may  he  unimpaired.  The 
disease  lasts  from  three  to  six  weeks  and  recurrences  are  very  apt  to 
occur.  The  carbohydrates  are  very  badly  tolerated,  and  many 
relapses  are  certainly  due  to  their  incautious  use. 

The  urine  in  the  course  of  this  disease  gives  intense  reactions  for 
indican  and  for  aromatic  oxyacids. 

An  examination  of  the  Gram-stained  fields  from  the  stool  of  a 
typical  example  of  this  infection  shows  it  to  consist  almost  wholly  of 
Gram-positive  bacilli  (often  lying  parallel  to  each  other  in  groups), 
presenting  the  morphological  characters  of  the  simple  form  of  B. 
bifidus.  From  the  stools  B.  hifidus  can  be  readily  cultivated,  and 
the  same  microorganisms  grow  very  freely  in  its  bifid  forms  in  dex- 
trose bouillon  fermentation  tubes.     B.  infantilis  is  obtainable  from 
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the  stools  of  some  cases,  perhaps  of  all.  From  the  mucus  B.  hifidus^ 
grows  freely,  sometimes  almost  alone,  in  fermentation  tubes.  It 
appears  probable  that  B.  hifidus  is  very  abundant  in  the  stools  of 
these  cases,  but  it  is  not  possible  at  present  to  say  to  what  extent  it 
makes  up  the  fecal  fields.  A  noteworthy  feature  is  the  very  small 
number  of  Gram-negative  bacteria  seen  in  the  fields. 

The  close  similarity  between  the  intestinal  flora  in  this  acute  or 
subacute  affection  and  in  infantilism  makes  a  causal  relation  be- 
tween the  former  and  the  latter  highly  probable.  Up  to  the  present 
time  I  have  had  no  opportunity  to  observe  an  indubitable  transition 
of  the  acute  disease  into  the  chronic  one  with  the  help  of  methods  ade- 
quate to  establish  the  proof  of  such  a  relation  as  that  just  suggested. 
The  methods  now  employed  were  not  known  to  us  when  the  cases  of 
infantilism  here  described  were  in  their  subacute  stage.  On  the 
other  hand,  the  acute  or  subacute  cases  presenting  the  flora  above 
mentioned  have  not  been  long  enough  under  observation  to  deter- 
mine whether  any  of  them  are  developing  the  extreme  and  per- 
sistent retardation  to  which  the  word  infantilism  may  properly  be 
applied.  . 

MILD    TYPES   OF   INTESTINAL   INFANTILISM. 

It  seems  to  me  desirable  to  restrict  the  use  of  the  word  infantilism 
to  those  cases  of  intestinal  origin  in  which  the  subjects  are  strikingly 
undeveloped  for  years,  and  in  which  the  absolute  arrest  of  growth 
has  persisted  for  at  least  one  year.  The  atrophic  conditions  of 
infancy,  which  are  grouped  under  the  term  marasmus,  belong  in  a 
different  clinical  category,  and  have,  I  believe,  a  different  genesis. 
There  are,  however,  instances  of  a  moderate  retardation  in  growth 
(not  necessarily  with  actual  arrest  in  development)  which  appear  to 
be  mild  types  of  the  condition  which  has  been  described  in  this  paper 
only  in  its  extreme  examples.  B.  hifidus  appears  to  be  less  abun- 
dantly present  in  these  milder  cases,  in  which  various  coccal  forms 
may  be  predominant  and  in  which  Gram-negative  forms  (repre- 
senting B.  coli)  are  probably  seldom  lacking.  No  serious  attempt 
has  yet  been  made  to  study  these  mild  forms  of  arrested  growth 
of  intestinal  origin,  but  there  is  reason  to  think  that  at  least  some 
of  these  cases  are  allied  to  the  severer  type,  both  in  etiology  and 
pathology. 
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THE  SEQUELS  AND  PROGNOSIS  OF  INTESTINAL  INFANTILISM. 

I  have  not  at  command  the  data  from  a  sufficient  number  of 
instances  of  infantihsm  to  permit  even  an  approach  to  generahzation 
as  to  the  outcome  of  the  disease.  Only  the  patient  study  of  many 
cases  through  extended  periods  of  time  and  imder  well-understood 
conditions  will  yield  the  facts  necessary  for  safe  generalization. 
Nevertheless  there  are  some  obvious  commentaries  which  are  justi- 
fied by  limited  experience.  Of  these,  by  far  the  most  important  is 
that  in  general  the  outlook  is  very  largely  determined  by  the  nature 
of  the  care  which  the  patient  can  obtain.  Neglect  means  deteriora- 
tion into  a  state  of  extreme  involution,  ending  either  in  death  (from 
intercurrent  disease  or  exhaustion)  or  in  a  relatively  fixed  state  of 
under-development  little  ameliorated  by  any  course  of  treatment  at 
present  known  to  us.  Intelligent  and  careful  treatment,  on  the 
other  hand,  leads  to  at  least  some  degree  of  improvement,  and 
perhaps  to  a  very  striking  betterment  in  nutrition  and  growth. 
^Miether  a  child,  whose  arrest  of  growth  has  lasted  for  five  years, 
leaving  him  at  the  end  of  that  time  50  per  cent,  below  the  average 
weight  for  his  age,  can,  under  any  conditions,  be  expected  to  develop 
into  a  man  of  average  size  I  am  unable  to  say.  That  our  methods 
of  treating  such  cases  fall  short  of  the  ideal  is  not  improbable,  and 
it  may  be  that  in  children  with  extreme  but  uncomplicated  infan- 
tilism the  outlook  for  progress  toward  normal  development  would  be 
considerably  better  than  we  can  at  present  assert  it  to  be,  assuming 
that  further  improved  methods  should  come  into  use. 

From  the  cases  observed  by  Dr.  Holt  and  myself,  we  have  been 
instructed  in  several  particulars  relating  to  sequelae  and  compli- 
cations. Case  V  of  our  group  developed  a  high  grade  of  simple 
anemia  which  lasted  several  years;  yet,  after  so  lasting,  the  child 
began  to  grow  in  a  promising  manner  despite  the  fact  that  the 
anemia  still  persists.  The  fact  is  instructive  as  pointing  to  a  disso- 
ciation of  the  causes  of  the  anemia  and  the  causes  of  the  retarded 
growth.  No  opinion  can  be  ventured  as  to  the  ultimate  influence 
of  the  anemic  state  on  the  prognosis.  In  Case  IV  there  was  an  early 
and  marked  anemia,  but  this  did  not  persist  for  more  than  a  year. 
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and,  as  the  nutritional  conditions  improved,  the  hemoglobin  rose 
from  35  to  61  per  cent.  In  Case  III  anemia  was  only  moderate, 
and  during  the  past  two  years  there  has  been  a  gradual  and  fairly 
satisfactory  growth  of  the  body.  In  Case  II  the  improvement  was 
very  slow  through  many  years,  but  recently  has  become  remarkably 
rapid.  With  this  rapid  improvement  in  growth  some  errors  were 
made  in  diet,  owing  to  a  desire  to  push  the  gain  by  full  feeding. 
This  experiment  resulted  disastrously,  in  that  it  was  soon  followed 
by  grand-mal  epileptiform  seizures,  coming  at  short  intervals.  Two 
years  previous  to  this  outbreak  the  child  had  had  a  few  short  seizures 
of  loss  of  consciousness,  without  motor  symptoms,  and  it  now 
appears  that  these  were  probably  examples  of  petit  mal.  The  onset 
of  grand-mal  seizures  was  attended  here  by  a  very  considerable  rise 
in  the  indications  of  intestinal  putrefaction.  I  believe  this  case  to 
be  a  clearly  defined  and  unimpeachable  instance  of  epilepsy  devel- 
oping as  the  result  of  cerebral  irritative  intoxication  from  putrefactive 
products  absorbed  from  the  intestine.  I  have  long  maintained  that 
such  cases  occasionally  arise,  but  it  is  seldom  that  the  antecedent 
conditions  are  so  well  known  to  the  physician  as  in  this  case.  This 
case  is  thus,  in  my  judgment,  a  singularly  definite  example  of 
epilepsy  arising  from  intestinal  intoxication  in  a  child  with  a 
nervous  system  rendered  unstable  by  long  intoxication  of  milder 
intensity  than  that  needed  to  induce  grand-Dial  seizures.  In  this 
instance  a  rapid  improvement  set  in  with  the  institution  of  very 
careful  regulation  of  diet  and  environment,  but  the  ultimate  out- 
come of  the  epileptiform  state  cannot  be  predicted. 


THE  THERAPELTIC  MODIFICATION  OF  THE   BACTERIAL  CONDITIONS 
IN    INTESTINAL    INFANTILISM. 

The  central  aim  in  the  treatment  of  infantilism  is  the  modification 
of  the  bacterial  flora  of  the  intestine.  There  is  no  evidence  that  any 
therapeutic  measures,  which  do  not  exert  some  direct  or  indirect 
influence  in  this  direction,  can  be  truly  eft'ective.  To  bring  about  an 
amelioration  of  the  bacterial  conditions  in  the  intestine  is  a  task 
of  the  utmost  difficulty,  calling  for  an  understanding  of  principles, 
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close  attention  to  details,  and  painstaking  care  during  a  long  period 
of  time.  In  some  important  aspects  there  is  a  close  similarity  be- 
tween the  therapeutic  requirements  of  intestinal  infantilism  and 
those  of  the  extreme  forms  of  chronic  saccharo-butyric  putrefaction 
associated  with  an  infection  by  bacteria  of  the  B.  perfringens  and 
streptococcus  types.  In  both  we  have  to  deal  with  a  chronic  entero- 
colitis, leading  to  failure  in  nutrition;  in  both  the  element  of  intoxi- 
cation is  prominent,  and  in  both  apparently  trivial  errors  in  diet  are 
followed  by  temporary  set-backs.  There  are,  however,  two  highly 
significant  differences  between  these  types  of  infection,  and  both 
of  these  dift'erences  make  for  a  more  favorable  outlook  in  the  case 
of  the  disease  of  childhood — at  least  so  far  as  the  prospect  of  life  is 
concerned.  One  of  these  differences  lies  in  the  nature  of  the  patho- 
logical process,  the  other  in  the  circumstances  attendant  on  child- 
hood. The  process  in  extreme  saccharo-butyric  putrefaction  is  one 
of  very  long  standing,  and  probably  leads  to  an  impairment  in  the 
ability  of  the  mucosa  to  regenerate  adequately  the  excessively  des- 
quamated epithelium;  it  is  questionable  whether  in  infantilism  the 
damage  to  the  mucosa  is  ever  so  profound  as  this,  and,  as  regards 
the  attendant  circumstances  of  childhood,  there  is  the  essential  fact 
that  the  patient's  age  makes  it  possible  to  control  with  precision  the 
conditions  of  his  life,  whereas  in  the  extreme  saccharo-butyric  infec- 
tions of  adults  the  freedom  of  action  possessed  by  the  individual 
sooner  or  later  leads  him  to  make  mistakes  in  his  habits  of  life  which 
lead  to  dangerous  relapses  and  ultimately  to  death. 

What  I  shall  here  write  about  the  treatment  of  infantilism  is  based 
on  the  study  of  only  a  small  number  of  patients,  and  for  this  reason, 
if  for  no  other,  will  be  incomplete.  This,  however,  does  not  deter 
me  from  offering  some  definite  advice  in  regard  to  treatment,  for  I 
believe  that  the  experience  which  I  have  gained  from  the  detailed 
study  of  a  few  patients  will  prove  useful  in  the  handling  of  this  not 
very  uncommon  condition  by  those  whose  opportunities  for  study 
have  been  less  good  than  mine.  I  shall  arrange  what  I  have  to  say 
under  the  following  headings: 

General  hygienic  measures. 

Dietetic  measures. 

Pharmacological  measures. 
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General  Hygienic  Measures.  In  the  care  of  the  subjects  of 
infantihsm  the  hygiene  of  environment  is  of  much  importance  in 
reinforcing  the  effects  of  more  specific  therapeutic  measures.  Two 
environmental  requirements  stand  out  sharply  and  require  the 
consideration  of  the  physician:  First,  a  temperate,  equable  and  fairly 
sunny  climate,  and  secondly,  soothing  human  surroundings  and 
limited  companionship.  In  all  marked  states  of  infantilism  the  cir- 
culation is  impaired  and  the  loss  of  animal  heat  is  a  severe  tax 
to  the  organism  if  there  be  prolonged  exposure  to  cold.  In  Case  II 
the  cold  months  of  winter  were  spent  in  a  mild  climate  which  made 
it  possible  to  be  out-of-doors  a  large  part  of  the  day  without  excessive 
radiation  of  heat,  and  there  is  good  reason  to  think  this  precaution 
was  a  material  help  in  paving  the  way  for  the  subsequent  improve- 
ment in  nutrition.  In  Case  I  it  was  impracticable  to  send  the  child 
to  a  warm  climate  in  winter,  and  the  exposure  to  the  winter's  cold 
in  New  York  seemed  clearly  an  obstacle  to  quick  improvement  in 
nutrition.  Except  on  the  most  inclement  days  the  child  should  be 
out-of-doors  for  a  time  despite  the  drain  on  the  animal  heat,  for  the 
alternative  of  remaining  indoors  is  still  more  objectionable.  It  is 
especially  in  the  summer  months  that  these  children  tend  to  do 
badly.  This  is  probably  attributable  mainly  to  the  difficulty  in 
securing  food  sufficiently  free  from  objectionable  bacteria  during 
the  hot  months,  but  is  doubtless  due,  in  part,  to  the  prostrating  effects 
of  prolonged  exposure  to  a  high  temperature.  By  taking  great  care 
it  is  possible  to  avoid  these  common  summer  disturbances  of  diges- 
tion connected  with  hot  weather,  and  this  is  in  itself  a  very  important 
advantage.  Even  in  selecting  a  mild  winter  climate  it  is  necessary 
to  balance  the  advantages  of  mild  weather  against  the  dangers  that 
arise  from  the  inability  to  secure  clean  food. 

It  is  essential  that  the  attendant  should  be  a  person  of  more  than 
ordinary  tact,  gentleness,  good  sense,  patience,  and  cheerfulness, 
for  the  subject  of  infantilism  is  often  irritable,  peevish,  and  emo- 
tionally depressed  and  depressing.  The  patient  should  see  visitors 
only  seldom,  and  only  for  a  few  minutes  at  a  time.  If  permitted  to 
play  with  other  children,  he  should  be  with  only  one  child  at  a  time. 
The  intoxication  leads  to  so  much  physical  and  mental  languor  that 
it  is  inadvisable  to  attempt  to  teach  these  children  in  the  ordinary 
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ways.  They  can  only  be  coaxed,  very  tactfully  and  cautiously,  into 
an  interest  in  numbers,  letters,  and  objects  of  various  colors  and 
shapes.  Prolonged  attention  is  undesirable  and  leads  to  extreme 
fatigue.  These  children  are  destined  to  be  much  retarded  in  the 
acquirement  of  knowledge,  but,  as  their  natural  intelligence  is  not 
distinctly  impaired,  they  can  develop  satisfactorily  in  a  few  direc- 
tions. The  illness  of  these  unfortunate  children  is  not  without  the 
compensation  that  they  cannot  be  forced  into  the  stupid  conven- 
tional pleasures  so  commonly  provided  for  children.  To  this  and 
to  the  opportunity  for  quiet  reflection  I  am  disposed  to  attribute  the 
noticeable  thoughtfulness  of  most  of  the  subjects  of  infantilism. 

The  patients  must  be  encouraged  to  take  exercise  daily,  even  if  it 
causes  fatigue.  In  experiments  which  I  made  on  healthy  young 
men  who  were  intoxicated  experimentally  with  indol,  it  was  found 
that  active  exercise  distinctly  aided  the  subjects  in  overcoming  the 
sense  of  great  fatigue  from  which  they  suffered.  This  is  probably 
to  be  attributed  to  the  improved  opportunity  for  oxidation  which 
exercise  affords.  I  have  noticed  the  same  effect  of  exercise  on  sev- 
eral adults  with  presumably  indolic  intoxication;  but  it  is  easy  to 
overdo  in  exercise  for  these  retarded  children,  and  it  is  important  to 
avoid  excessive  fatigue,  as  it  apparently  acts  unfavorably  on  the 
digestive  processes. 

Dietetic  ^Measures.  Dietetic  measures  are  the  keystone  of  the 
therapeutic  arch  in  infantilism.  AVithout  the  closest  attention  to 
them  there  is  little  chance  of  beneficially  modifying  the  intestinal 
processes  which  underlie  the  affection.  Cautious  and  prolonged 
experimentation  is  necessary  to  olitain  the  best  dietetic  conditions 
for  each  patient.  The  problem  varies  somewhat  in  different  indi- 
viduals, and  may  vary  for  the  same  patient  from  time  to  time.  It 
may  be  stated  in  the  following  general  terms:  to  secure  the  absorp- 
tion of  foodstuffs  adequate  in  quality  and  quantity  for  the  reasonably 
rapid  growth  of  skeleton,  muscles,  blood,  and  nervous  system,  with  as 
little  waste  as  possible  from  non-absorption  and  as  little  opportunity 
as  possible  for  excessive  putrefaction.  If  the  absorption  of  food- 
stuffs be,  indeed,  adequate  for  the  growth  of  bones,  muscles,  and 
nervous  system,  it  is  probable  that  it  will  suffice  also  for  the  growth 
of  viscera  and  the  production  of  sufficient  fat.     It  is  necessary  to 
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discuss  separately  the  different  types  of  foodstuffs  in  their  relation  to 
infantilism  before  considering  any  special  dietary  as  a  whole. 

The  Carbohydrates.  It  has  already  been  mentioned  that  the  car- 
bohydrates are  the  obvious  and  fruitful  cause  of  derangements  of 
digestion  that  are  clinically  determinable,  especially  diarrhea  and 
flatulence.  Probably  by  far  the  greater  number  of  acute  disturb- 
ances of  digestion,  in  the  course  of  infantilism,  are  referable  to  errors 
relating  to  the  carbohydrates.  I  deem  it  impossible  at  present  to. 
speak  with  precision  and  fulness  regarding  the  relative  merits  and 
demerits  of  the  various  carbohydrate  foods  with  respect  to  infantil- 
ism. From  a  considerable,  but  by  no  means  exhaustive,  experience 
^\'ith  various  carbohydrate  foods,  I  have  reached  the  conclusion  that 
such  carbohydrate  food  as  can  be  taken  by  these  patients  is  best 
given  in  the  form  of  starch-holding  preparations,  and  not  in  any 
ordinary  form  of  sugar.  I  have  seen  the  best  results  from  the  use  of 
well-boiled  rice,  or  arrowroot,  or  cream  of  wheat,  supplemented  with 
a  partly  dextrinized  preparation,  such  as  the  Huntley  &  Palmer 
breakfast  biscuits.^  Milk  sugar,  in  the  proportions  in  which  it  occurs 
in  milk,  may  also  be  well  taken  especially  when  a  tlistinct  improve- 
ment in  nutrition  is  already  in  progress.  I  suspect  that  milk  sugar 
is  better  tolerated  than  an  isodynamic  quantity  of  glucose  or  saccha- 
rose, but  have  no  proof  that  this  is  so.  Foods  which  contain  an 
abundance  of  soluble  carbohydrates,  as  Mellin's  food,  or  malted 
milk,  cannot  be  recommended.  Perhaps  the  most  objectionable 
of  all  ordinary  natural  carbohydrate  footls  is  potato,  which  can  gen- 
erally be  counted  on  to  occasion  flatulence.  The  reason  for  this  is 
not  at  present  clear.  In  the  severest  forms  of  infantilism  the  total 
quantity  of  carbohydrates  which  can  be  tolerated  may  be  very  small, 
and  it  may  be  possible  to  supply  less  than  one-fifth  of  the  calories 
required  by  the  organism  (instead  of  nearly  one-half,  as  in  health) 
in  this  way.  An  especial  sensitiveness  to  carbohydrates  may  be 
developed  during  febrile  attacks  (as  those  due  to  taking  cold),  and 
it  is  then  best  to  withdraw  them  entirely  for  a  few  days. 

In  every  case  of  infantilism  one  of  the  most  important  and  difficult 
tasks  for  the  physician  is  to  determine  how  much  carbohydrate  food 
his  patient  can  utilize  at  a  given  time.  The  amount  which  is  appro- 
priate at  one  time  may  be  less  or  more  than  can  be  tolerated  at- 
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another.  Where  the  patient  can  take  a  small  quantity  of  carbo- 
hydrates, it  seems  best  to  give  it  divided  in  the  several  kinds.  Thus, 
at  one  time  in  the  day  the  child  receives  a  Huntley  &  Palmer  break- 
fast biscuit,  with  minced  beef  or  chicken  or  with  l>eef  juice;  at 
another  time  he  receives  a  portion  of  boiled  rice,  with  one  or  two 
ounces  of  milk;  and  at  still  another  time  he  receives  a  larger  portion 
of  milk  alone.  It  is  unwise  to  concentrate  the  carbohydrates  at  one 
period ;  thus  milk,  rice,  and  biscuit  should  not  be  given  at  one  meal. 
If  the  allotted  carbohydrates  appear  to  be  well  tolerated  (i.  e.,  cause 
little  or  no  flatulence,  no  marl^ed  softening  of  the  stools,  no  increase 
of  mucus,  and  no  increase  of  indican  in  the  urine)  it  may  be  cau- 
tiously increased  in  amount.  If  the  child  has  been  receiving  20 
grams  of  boiled  rice  at  a  feeding,  the  amount  should  l^e  increased  by 
5  grams  rather  than  by  10  grams  until  a  point  is  reached  at  which  it 
appears,  after  a  trial  of  several  days,  that  the  increased  amount  is 
not  well  tolerated  (i.  e.,  causes  flatulence  or  abdominal  discomfort, 
or  slight  diarrhea,  or  increase  of  indican).  It  may  then  be  neces- 
sary to  fall  back  to  the  original  amount  of  rice,  or  it  may  be  that  a 
portion  of  the  attempted  increase  can  be  maintained  with  advantage.^ 
In  every  experiment  made  with  a  view  to  establishing  a  diet,  the 
following  cardinal  rule  should  be  observed:  The  "physician  should 
vary  only  one  article  of  diet  at  a  time.  If  more  than  one  article  of 
diet  be  varied  at  once,  the  experiment  will  lack  scientific  precision 
and  the  best  results  cannot  be  attained.  \Vhen  a  tentative  diet  is 
tried  it  should  be  so  made  up  as  to  permit  a  definite  gain  in  knowledge 
from  intelligent  successive  variations  in  the  amounts  of  the  various 
foodstuffs  employed.  This  carefid  and  painstaking  experimenta- 
tion calls  for  much  patience,  but  is  rewarded  by  the  fact  that  it  leads 
to  a  gain  in  definite  information.  Haphazard,  quick  variations  of 
several  factors  simultaneously  may  accidentally  give  good  results 
at  times;  yet  in  the  long  run  there  is  a  saving  of  time  for  all  con- 

'  I  have  made  a  few  observations  on  the  use  of  diastatic  ferments  as  an  aid  in  the  digestion 
of  carbohydrates,  but  such  experience  as  I  have  had  has  been  too  unsystematic  to  permit  any 
definite  inferences  as  to  the  value  of  such  enzj-mes.  I  doubt  very  much  if  their  use  materially 
influences  the  course  of  the  affection  or  makes  it  possible  to  increase  the  carbohydrate  food 
more  rapidly  than  would  otherwise  be  the  ease.  This  latter  point,  which  is  one  of  consider- 
able practical  importance,  must  be  settled  by  well-planned  experimental  methods.  In  the 
meantime  I  think  it  well  to  give  the  patient  the  benefit  of  tlie  doubt  by  emplojing  small  quan- 
tities of  an  active  diastatic  ferment  prepared  in  the  dry  form,  as,  for  example,  taka-diastase. 
Tlie  powder  should  be  well  mixed  with  the  food  at  body  temperature. 
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cerned  if  the  physician  takes  the  trouble  to  proceed  more  delib- 
erately with  the  establishment  of  the  dietetic  treatment. 

The  Fats.  The  intestinal  infections  associated  with  infantilism 
call  for  the  most  careful  regulation  of  the  fat  intake.  This  intake 
cannot  be  prescribed  in  any  fixed  and  special  terms,  but  only  on  the 
basis  of  a  general  principle.  The  principle  to  be  obeyed  is  the  fol- 
lowing :  Give  only  so  much  fat  as  will  in  large  measure  be  resorbed. 
The  stools  should  not  be  permitted  to  continue  voluminous  and 
excessively  fatty.  The  objections  to  this  continual  fat  loss  are  mainly 
two — the  unnecessary  and  harmful  loss  of  calcium  and  magnesium 
soaps,  and  the  interference  with  digestion  and  absorption  which  is 
occasioned  by  the  presence  of  an  excess  of  fatty  material,  the  latter 
tending  to  favor  intestinal  putrefaction.  From  the  fact  that  calcium 
and  magnesium  are  constantly  lost  as  soaps,  it  does  not  necessarily  fol- 
low that  if  we  prevent  the  alkali  earth  metals  from  being  saponified 
we  shall  prevent  them  from  being  lost  in  the  feces.  We  are  still  too 
ignorant  of  the  conditions  under  which  these  elements  are  absorbed 
to  form  a  judgment  on  this  point.  If  we  may  judge  from  the  case 
of  healthy  children  already  cited,  it  is  not  unfair  to  assume  that 
positive  balances  in  calcium  and  magnesium  are  more  likely  to  be 
attained  by  the  reduction  of  the  milk  fat  than  through  permitting 
the  free  use  of  milk  fat.  ^^^lile  I  am  not  sure  that  we  are  justified 
in  transferring  these  results  on  nearly  healthy  infants  to  the  absorp- 
tion in  our  cases  of  infantilism,  it  is  obvious  that  at  least  there  is  a 
possibility  of  securing  improved  absorption  if  we  check  the  per- 
sistent loss  of  soaps  with  the  stools.  Much  more  study  is  necessary 
to  show  us  whether  the  alkali  earth  metals  are  normally  absorbed 
in  an  important  degree  as  soaps  of  these  elements.  Probably  this 
is  one  of  the  most  important  ways  of  absorption  for  these  metals, 
and  we  should  strive  not  to  prevent  saponification,  but  to  secure  good 
soap  absorption. 

In  any  case  of  infantilism  in  which  there  is  a  continuous  excessive 
loss  of  fat,  the  intake  of  fatty  food  should  be  gradually  lowered  until 
the  feces  no  longer  show  the  indications  of  such  loss.  AVhen  the 
level  has  been  reached  at  which  the  movements  are  no  longer  homo- 
geneous, but  are  made  up  of  a  conglomerate  of  small  individual 
massfes,  the  fat  loss  will  not  be  excessive.     From  time  to  time  the 


312       herter:  infantilism  from  intestinal  infection 

fat  may  be  somewhat  increased,  for  if  the  progress  of  the  affection  is 
favorable  there  will  be  a  gradual  increase  in  the  power  of  absorbing 
fat. 

In  Case  I  the  relation  between  the  intake  of  fat  and  the  loss  of 
fat  in  the  feces  w^as  carefully  determined  by  Dr.  Wakeman  for  a 
period  of  eleven  days,  during  which  there  existed  an  insignificant 
positive  calcium  balance,  a  very  small  retention  of  nitrogen,  and  an 
essentially  stationary  weight.  The  daily  intake  of  fat  (neutral  fats, 
fatty  acids,  and  soaps)  amounted  to  38.28  grams,  the  intake  for  the 
period  having  been  382.8  grams.*  During  the  same  period  there 
was  a  daily  loss  of  fats  equal  to  5.56  grams,  or  55.6  grams  for  the 
period.  The  fat  loss  is  here  equivalent  to  14.5  per  cent,  of  the 
ingested  fat.  This  is  distinctly  in  excess  of  the  normal  fat  loss,  but 
does  not  represent  extremely  low  fat  absorption.  The  fat  excess 
was  sufficient  to  prevent  the  conglomeration  of  the  feces.  Two 
months  before  this  period  the  absorption  of  fat  was  much  less  good 
with  the  same  fat  intake,  for  it  reached  at  this  time  as  high  as  22 
per  cent,  and  even  25  per  cent,  of  the  ingested  fat.  The  fat  loss  was 
even  larger  than  this  at  the  time  when  the  patient  first  came  under 
observation  and  on  several  subsequent  occasions.  On  these  occa- 
sions the  fat  intake  w^as  decreased  to  meet  the  poor  absorption. 
Although  the  fat  loss  was  as  great  as  14.2  per  cent,  so  recently  as 
three  months  ago,  in  Case  I,  I  did  not  at  this  time  make  any  further 
reduction  in  fat,  as  there  w^as  evidence  of  a  slowly  increasing  power 
of  absorption.  Recently  (June  1,  1908)  I  deemed  it  best  to  reduce 
the  fat  to  25  grams  daily,  and  on  this  basis  an  entirely  satisfactory 
absorption  w^as  secured.  It  should  be  noted  that  the  relatively  good 
fat  absorption  of  recent  periods  in  this  patient  does  not  represent 
the  actual  state  of  absorption  until  a  period  of  general  symptomatic 
improvement  (without  considerable  gain  in  weight,  though  a  fore- 
runner to  such  gain)  had  set  in. 

The  Proteins.  On  the  use  of  the  proteins  in  infantilism  I  have 
not  as  yet  been  able  to  obtain  much  specific  information,  as  oppor- 

'  These  fats  were  distributed  as  follows: 

Neutral  fats 66. 55  per  cent. 

Fatty  acids 16.49 

Soaps 16.96 

The  figures  here  given  for  soaps  is  doubtless  too  high,  as  other  substances  than  fat  must 
have  found  their  way  into  the  ether  extract. 


I 
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tunities  for  thorough  investigation  of  the  effects  of  different  types  of 
proteins  have  been  inadequate.  In  children  under  three  years  of 
age  it  is  probably  good  practice  to  give  the  greater  part,  if  not  all, 
the  proteins  of  the  food  as  milk  proteins.  The  conditions  of  diges- 
tion are  apt  to  be  such  in  infantilism  that  eggs  are  not  well  tolerated, 
but  there  is  no  evidence  that  this  is  due  to  an  intolerance  of  effg 
albumin,  but  rather  that  it  is  due  to  an  intolerance  for  the  constitu- 
ents of  the  yolk.  The  question  of  the  use  of  meat  is  one  that 
comes  up  in  every  case  in  children  over  three  years  of  age.  In 
Cases  I  and  II  small  cjuantities  of  meat  were  permitted  during  long 
periods  of  time  as  part  of  the  protein  food.  There  was  no  evidence 
of  any  detrimental  effects  from  the  cautious  use  of  meat.  On  the 
other  hand  there  is  also  no  positive  evidence  that  the  use  of  meat 
might  not  have  been  dispensed  with,  through  the  substitution  of 
milk  proteins.  I  have  not  been  able  to  satisfy  myself  either  in  Case 
I  or  II  that  the  cautious  use  of  minced  beef  or  minced  chicken 
once  daily  has  tended  to  cause  greater  putrefactive  decomposition 
than  was  the  case  where  milk  proteins  alone  were  used.  But  in 
both  these  cases  there  were  periods  when  meat  was  allowed  in  exces- 
sive amounts,  as  indicated  by  symptoms  of  intoxication  and  unneces- 
sarily abundant  putrefactive  products  in  the  urine.  A  consideration 
which  has  had  some  influence  in  determining  the  use  of  meat  has 
been  the  presence  of  iron  in  such  food.  The  dietary  in  cases  of 
infantilism  tends  to  be  low  in  iron,  and  it  has  seemed  desirable  to 
make  use  of  some  meat  rather  than  to  use  milk  as  the  exclusive 
source  of  protein;  but  whether  this  has  really  been  effective  in 
helping  to  overcome  the  anemia  nearly  always  present,  it  is  impos- 
sible to  say. 

It  has  already  been  mentioned  that  the  physician  tends  in  the 
treatment  of  infantilism  to  give  an  excess  of  protein,  owing  mainlv 
to  the  difficulty  in  giving  an  adecjuate  cjuantity  of  carbohydrates  and 
fats.  I  have  myself .  tended  to  make  use  of  a  greater  quantity  of 
protein  food  than  has  perhaps  been  wise.  The  tendency  to  give 
protein  in  relative  excess  was  constantly  noted  in  both  Cases  I . 
and  II.  It  is  only  latterly  that  I  have  learned  to  replace  in  a 
measure  the  typical  protein  foods  by  the  least  objectionable  form  of 
protein,  namely,  gelatin. 
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The  Use  of  Gelatin.  The  use  of  gelatin  as  a  foodstuff  in  bacterial 
infections  of  the  intestinal  tract  has  never  received  the  attention  it 
deserves.  The  physician  is  not  infrequently  confronted  with  a 
dietetic  problem  which  consists  in  endeavoring  to  maintain  nutrition 
under  conditions  where  no  combination  of  the  ordinary  proteins 
with  fats  and  carbohydrates  suffices  to  maintain  a  fair  state  of 
nutrition.  The  difficulty  which  most  frequently  arises  is  that  every 
attempt  to  use  carbohydrate  food  is  followed  by  fermentative  dis- 
turbances of  an  acute  or  subacute  nature,  which  delay  recovery  or 
even  favor  an  existing  infection  to  the  point  of  threatening  life. 
The  attempt  to  replace  the  carbohydrates  in  large  degree  by  pro- 
teins is  blocked  by  the  serious  difficulty  that  all  the  ordinary  proteins, 
when  given  in  amounts  distinctly  in  excess  of  the  habitual  quantities, 
afford  material  for  putrefactive  decompositions,  which  it  is  necessary 
to  restrict.  A  great  desideratum,  therefore,  is  a  food  which,  while 
readily  undergoing  absorption,  shall  furnish  a  supply  of  caloric 
energy,  and  which,  at  the  same  time,  shall  be  exempt  from  ordinary 
fermentative  decomposition.     Such  a  food  exists  in  gelatin. 

The  exact  nature  of  all  the  cleavage  products  of  gelatin  is  not  at 
present  known.^  Certain  facts,  however,  stand  out  significantly. 
One  is  that  gelatin  contains  no  tryptophan  nucleus,  and  that  it  can 
hence  yield  neither  indol  nor  skatol  nor  indolacetic  acid  nor  indol- 
propionic  acid.  This  fact  makes  it  evident  that  no  decomposition 
of  gelatin  that  can  occur  within  the  intestinal  tract  can  directlv  con- 

o  • 

1  The  following  figures  have  been  obtained  for  the  composition  of  gelatin: 

GlycocoU 16.50 

Alanin 0.80 

Aminovaleric  acid 1.00 

Leucin 2.10 

Prolin 5.20 

Phenylalanin 0.40 

Glutamiuic  acid 0.88 

Aspartic  acid 0.56 

Serin 0.40 

Lysin 2 .  75 

Arginin 7 .  62 

Histidin 0.40 

These  figures  have  been  obtained  by  Emil  Fischer,  P.  A.  Levene,  and  R.  H.  Aders:  L'eber 
•die  Hydrolyse  des  Leims,  Zeitschr.  f.  physiol.  Chemie,  1902,  xxxv,  70;  also  Emil  Fischer 
and  E.  Abderhalden:  Notizen  ueber  die  Hydrolj'se  von  Proteinstoflfen,  Zeitschr.  f.  physiol. 
Chemie,  1904,  xlii,  540. 

Tlie  absence  of  cystin  from  gelatin  is  noteworthy,  though  it  is  doubtful  if  it  possesses  any 
bearing  on  its  use  in  the  present  connection. 
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tribute  to  an  intoxication  in  which  the  foregoing  substances  are 
concerned.  A  second  peculiarity,  of  almost  equal  importance,  is  the 
fact  that  gelatin  contains  no  tyrosiu  nucleus,  even  the  relatively 
impure  gelatin  which  is  sold  for  cooking  purposes,  giving  only  a  slight 
and  questionable  reaction  with  Millon's  reagent.  The  absence  of 
the  tyrosin  nucleus  in  gelatin  renders  it  impossible  for  para-oxy- 
phenylacetic  acid  or  para-oxyphenylpropionic  acid  to  be  formed  in 
the  course  of  bacterial  decomposition  of  gelatin.  In  many  chronic 
bacterial  infections  of  the  digestive  tract,  para-ox^•phenylacetic  acid 
finds  its  way  into  the  urine  in  excessive  amounts.  Similarly,  phenol 
arises  in  large  part,  perhaps  exclusively,  from  the  decomposition  of 
tyrosin  in  the  intestinal  tract.  It  is  thus  evident  that  in  any  case  of 
infantilism  in  which  there  is  the  usual  evidence  of  excessive  putre- 
faction, gelatin  may  be  employed  as  a  food  without  incurring  any 
risk  of  increasing  intestinal  putrefaction  in  the  directions  just  men- 
tioned. 

While  gelatin  does  not  contain  either  the  tryptophan  nucleus  or  the 
tyrosin  nucleus,  if  gives  a  considerable  yield  of  phenylalanin.  It  is 
possible  that  through  oxidation  of  phenylalanin  in  the  body,  phenolic 
derivatives  may  be  produced  in  slight  amount  (through  hydroxila- 
tion  of  the  aromatic  nucleus),  but  the  facts  at  the  present  time 
known  relating  to  this  point  are  opposed  to  this  view. 

Among  the  most  important  cleavage  products  of  gelatin  is  gly- 
cocoll,  or  amido-acetic  acid.  It  has  been  recovered  to  the  extent  of 
16.5  per  cent,  of  the  original  gelatin.  Alanin  is  present  in  consid- 
erably smaller  quantities.  Leucin  is  also  a  not  unimportant  cleavage 
product.  These  monamino  acids,  together  with  the  diamino  acids, 
go  to  furnish  a  large  part  of  the  caloric  value  of  gelatin.  In  this 
respect  gelatin  resembles  other  proteids.  I  do  not  know  whether 
entirely  satisfactory  studies  have  been  made  of  the  caloric  potential 
of  gelatin  furnished  to  the  human  body,  but  it  may  probably  be 
regarded  as  not  very  different  from  that  of  protein  in  general,  namely, 
about  4.3  calories  for  1  gram  of  gelatin.  Assuming  that  the  caloric 
value  of  gelatin  is  about  4  calories  per  gram,  it  is  seen  that  30  grams 
of  gelatin  (about  1  ounce)  will  yield  the  organism  in  the  neighbor- 
hood of  120  calories.  An  ounce  of  gelatin  can  be  taken  without 
difficultv  in  twentv-four  hours  in  the  food  of  anv  child  weighing  not 
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less  than  28  to  30  pounds.  This  quantity  of  gelatin  cannot,  of 
course,  be  given  at  one  meal,  but  may  be  so  scattered  through  the 
feedings  for  the  day  as  to  be  easily  introduced.  It  is  obvious,  how- 
ever, that  if,  owing  to  the  practically  complete  resorption  of  this 
quantity  of  gelatin,  a  child  receives  120  calories,  this  is  an  extremely 
important  contribution  to  the  entire  caloric  energy  of  the  organism, 
since  it  may  amount  to  from  10  to  12,  or  even  15  per  cent,  of  the  total 
requirements  of  the  organism.  It  requires  no  argument  to  show 
that  the  difference  between  a  child  being  able  to  avail  itself  of  30 
grams  of  gelatin  daily,  and  not  being  able  to  avail  itself  of  it,  may 
make  extremely  important  differences  in  its  nutritional  record.  In 
younger  children — children  one  or  two  years  of  age — smaller  cjuan- 
tities  of  gelatin  may  advantageously  be  employed.  It  is  not  difficidt 
to  introduce  from  10  to  15  grams  daily  of  Cox's  gelatin  into  the 
milk  or  fermented  milk  of  a  child  suffering  from  an  acute  intestinal 
infection. 

On  the  theoretical  basis,  which  has  just  been  brought  out,  we 
should  expect  to  obtain  certain  results  in  practice.  We  may  stop 
for  a  moment  to  inquire  to  what  extent  the  results  of  practice  have 
justified  the  use  of  gelatin  in  the  food.  Unfortunately  I  have  no 
studies  so  conducted  as  to  enable  me  to  make  an  unequivocal 
inference  that  a  gain  in  weight  has  been  exclusively  attributable  to 
the  addition  of  gelatin  to  the  dietary,  but  I  have  observations  on 
several  carefully  studied  cases  which  make  me  think  this  probable. 
The  case  in  w'hich  the  evidence  for  this  is  most  satisfactory  is  that  of 
a  child,  aged  two  years,  with  chronic  infection  with  B.  hifidus  and  B^ 
infantilis.  Here  for  a  time  the  food  consisted  exclusively  of  kumyss, 
as  all  effort  to  give  carbohydrate  food  caused  exacerbations  of  diar- 
rhea. On  this  diet  it  was  impossible  to  secure  a  gain  in  weight. 
The  addition  of  15  grams  of  gelatin  daily  was  followed  by  a  gain  in 
weight,  which  ceased  when  the  gelatin  was  stopped  and  again 
recurred  when  it  was  once  more  added  to  the  kumyss;  and  it  may 
be  remarked  in  passing  that  such  a  combination  of  a  fermented 
milk  (thus  largely  ridding  it  of  sugar)  wuth  gelatin  seems  to  con- 
stitute the  most  appropriate  treatment  in  some  acute  and  subacute 
ileocolic  infections  of  childhood  in  which  the  intolerance  for  carbo- 
hydrates occasions  a  serious  loss  in  weight  and  blocks  the  path  to 
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recovery.  It  is  perhaps  worth  mentioning  in  this  connection  that 
both  B.  hifidus  and  B.  infantilis  may  be  regarded  as  practically 
uncultivable  on  ordinary  gelatin  media.  We  may  reasonably  ask 
ourselves  if  one  of  the  advantages  of  gelatin  as  a  food  may  not  be 
due,  in  part,  to  the  failure  of  these  and  some  other  acidophile  bac- 
teria to  grow  on  this  type  of  protein. 

It  is  somewhat  helpful  in  formulating  our  indications  for  the  use 
of  gelatin  to  think  of  this  food  in  its  various  substituent  relations  to 
the  different  types  of  foodstuffs.  Given  a  full  protein  ration,  it  is 
probably  true  that  either  the  carbohydrates  alone  or  the  fats  alone 
may  be  substituted  wholly  by  gelatin,  perhaps  not  indefinitely,  but 
for  a  considerable  time.  On  the  other  hand,  given  average  normal 
rations  of  fats  and  carbohydrates,  the  typical  proteins  may  be 
replaced  by  gelatin,  not  wholly,  be  it  noted,  but  only  in  part.  To 
what  extent  these  proteins  can  be  substituted  by  gelatin  has  been 
much  discussed,  and  is  still  the  subject  of  experimental  inquiry. 
Any  reliable  general  statement  on  this  important  point  is  at  present 
impossible.  Murlin^  made  an  experiment  on  a  man  of  70  kg., 
net  weight,  and  receiving  a  diet  holding  10  per  cent,  more  than  the 
fasting  requirements  of  nitrogen  and  51  calories  per  kilogram  of 
potential  energy,  of  which  fully  two-thirds  were  supplied  by  carbo- 
hydrates. Under  these  conditions  it  was  possible  to  supply  63  per 
cent,  of  the  total  nitrogen  as  gelatin  for  a  period  of  two  days  and 
still  maintain  a  small  retention  of  nitrogen.^  I  do  not  know  any 
pathological  condition  in  which  I  would  recommend  the  therapeutic 
use  of  gelatin  in  quantities  and  proportions  even  approximating 
those  used  in  the  experiment  just  mentioned.  A  certain  disgust 
arises  from  the  taking  of  large  quantities  of  gelatin,  and  that  in  itself 
limits  its  use.  It  is  doubtful  if  most  adults  can  tolerate  more  than 
50  grams  of  gelatin  daily  for  a  considerable  period,  and  many  can- 

1  The  Nutritive  Value  of  Gelatin,  I.     Amer.  Jour,  of  Physiol.,  xix,  No.  iii,  p.  285. 

2  It  appears  that  the  high  percentage  of  glycocoll  in  gelatin  may  be  an  important  factor  in 
this  retention  of  nitrogen,  which  is,  however,  only  temporary.  This  temporary  character 
of  the  glycocoll  nitrogen  retention  may  help  to  explain  the  inadequacy  of  gelatin  as  a  substi- 
tute for  typical  protein  food.  See  Murlin,  The  Nutritive  Value  of  Gelatin,  II.  Amer.  Jour, 
■of  Physiol.,  XX,  No.  i,  p.  234. 

If  one  represents  the  protein  metabolism  in  starvation  by  1,  the  use  of  about  the  same 
quantity  of  gelatin  reduces  the  protein  waste  of  the  body  by  23  per  cent.  Kirchmann: 
Zeitschr.  f.  Biol.,  1900,  Band  xl.  p.  54. 

In  sparing  protein,  small  quantities  of  gelatin  appear  to  have  almost  as  much  effect  as 
larger  amounts. 
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not  take  more  than  30  or  40  grams  without  developing  a  dislike. 
Thus  we  are  in  general  limited  in  using  gelatin  to  about  10  or  15 
per  cent,  of  the  total  caloric  requirements.  In  using  this  proportion 
of  gelatin,  as  part  of  the  dietary  of  a  patient  with  infantilism,  it  is 
always  desirable  to  formulate  a  clear  conception  as  to  the  reason  for 
which  it  is  given  in  the  individual  case — whether  mainly  to  replace 
fats,  carbohydrates,  or  proteins.  In  a  case  where  carbohydrates  and 
fats  are  tolerated  -in  fair  amount  without  disturbance,  the  use  of 
gelatin  should  be  regarded  as  a  means  of  reducing  the  requirements 
of  ordinary  protein  food  with  a  view  to  limiting  intestinal  putre- 
faction, based  on  the  breakdown  of  tryptophan  and  ty rosin.  On 
the  other  hand,  where  carbohydrates  must  be  used  sparingly  or  fats 
are  badly  resorbed,  or  where  both  these  conditions  prevail,  gelatin 
should  be  utilized  with  a  view  to  replacing,  in  part,  either  or  both 
these  foodstuffs,  but  without  reducing  the  ordinary  protein  nitrogen 
below  a  fair  average  requirement. 

Thus  we  may  summarize  as  follows  the  qualities  for  which 
gelatin  can  be  recommended  as  a  foodstuff  in  cases  of  infantilism: 
(1)  A  considerable  degree  of  caloric  value;  (2)  as  a  partial  substitute 
for  carbohydrates,  fats,  or  common  proteins;  (3)  as  incapable  of 
undergoing  putrefaction  based  on  the  presence  of  the  tryptophan 
or  tyrosin  molecules;  (4)  on  account  of  prompt  absorption;  and  (5) 
owing  to  its  inability  to  support  certain  specific  forms  of  bacterial 
life  associated  with  this  disease. 

Finally,  in  reference  to  diet,  the  following  example  may  be  given. 
The  following  dietary  was  successfully  employed  in  Case  I  during 
several  critical  months;  that  is,  while  the  transition  was  being  made 
from  a  condition  of  stationary  weight  to  one  of  uninterrupted  gains 
in  weight.  This  dietary  was  subsequently  modified  by  reducing 
its  content  of  fat,  by  the  addition  of  small  quantities  of  whisky,  and 
by  some  minor  changes. 
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_      ,.    ^   „  „->  ^    -  r^n  f  6  ounces  of  milk  with  gelatin. 

Breakjasi,  6.30  to  /.00  a.m.      ,  ,  ^t       ,       ^   r^  ,         i,- 

(,  1  Huntley  &  Palmer  biscuit. 

-        ,    „  „„  f  6  ounces  of  milk  with  gelatin. 

Lunch,  9.30  a.m.  i  r,  -ct     ^,       t    t>  i         u- 

(_  2  Huntley  &  Palmer  biscuits. 

f  Scraped  beef  and  juice  (one  tablespoonful  of  each). 

...  ,  „„  I  1  tablespoonful  of  vegetable.* 

Dinner,  1.30  p.m.  "^  ,  ^  .  ,  r  i     r    • 

I  1  tablespoonful  of  rice. 

[  1  Huntley  &  Palmer  biscuit. 

Afternoon  lunch,  4.30  p.m.        ■]  6  ounces  of  broth,  with  gelatin. 

!1  tablespoonful  of  rice. 
6  ounces  of  milk,  with  gelatin. 
2  Huntley  &  Palmer  biscuits. 

Total  quantity  of  milk  daily 18  ounces. 

Total  broth  daily  (beef  tea,  chicken,  or  mutton  broth)    .      .        Bounces. 

Total  rice  daily 2  tablespoonfuls. 

Total  Huntley  &  Palmer  biscuit  daily 6  biscuits. 

Total  gelatin  daily  (Cox's) 1  box  (about  1  ounce). 

Beef  juice  from  1  pound  of  the  round  of  beef,  daily. 

I  have  calculated  that  the  caloric  value  of  this  dietary  is  approxi- 
mately as  follows : 

Fat 342  calories. 

Proteins 205 

Gelatin       .      .      .      .    ^ 120 

Carbohydrates      .      .    ' 480 

1147 

These  figures  are  based  on  the  assumption  that  the  patient  got  in 
this  dietary  38  grams  of  fat,  S  grams  nitrogen,  in  the  form  of  proteins 
other  than  gelatin,  30  grams  gelatin,  27  grams  milk  sugar,  and  from 
90  to  100  grams  of  starch  and  dextrin,  in  the  form  of  Huntley  & 
Palmer  biscuits,  rice,  vegetables,  broths,  etc.  The  assumption  that 
the  caloric  value  of  this  diet  is  about  1150  calories  cannot  be  far 
from  the  truth.  By  changes  subsequently  made,  and  mentioned 
above,  this  caloric  value  was  reduced  to  about  1100  calories. 

I  am  inclined  to  think  the  above  dietary  might  be  criticized  as 
containing  an  excess  of  proteins.  The  excess  is,  however,  much 
less  now  than  when  the  patient  first  came  under  observation,  for  it 
is  obvious  that  an  excess  of  proteins  for  a  child  weighing  25  pounds 
is  consideralily  less  excessive  for  a  child  weighing  31  pounds.  I  am, 
however,  disposed  to  think  that  the  protein  is  still  from  20  to  25  per 
cent,  in  excess  of  an  ideal  diet,  but  I  have  not  reduced  it  simpl}^ 
because  the  patient  is  doing  so  well  that  I  am  disposed  to  let  well 
enough  alone.     I  shall,  however,  consider  it  proper  to  make  a  slow 

1  The  vegetables  used  were  spinach,  string  beans,  carrots,  and  peas. 
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reduction  in  the  proteins,  if  I  cannot  otherwise  satisfactorily  reduce 
the  quantity  of  putrefactive  products  in  the  urine. 

Pharmacological  Measures.  Although  pharmacological  meas- 
ures do  not  have  a  large  share  in  the  treatment  of  intestinal  infan- 
tilism, there  are  a  few  topics  which  require  at  least  a  mention  in 
this  connection.  These  are:  the  use  of  iron,  the  use  of  alcohol, 
the  employment  of  cathartic  and  antiseptic  medicaments,  and  the 
administration  of  calcium  and  magnesium  salts  and  of  phosphoric 
acid.  I  believe  that  in  general  iron  preparations  are  not  well  toler- 
ated by  the  stomachs  of  these  patients,  and  that  it  is  better  to  avoid 
their  use.  It  is  also  to  be  questioned  whether  iron  is  helpful  for  the 
amelioration  of  the  associated  anemia.  It  is  certain  that  the  anemia 
may  greatly  improve,  as  the  result  of  the  institution  of  a  suitable 
diet,  without  the  aid  of  drugs.  The  objection  to  the  use  of  iron 
appears  to  me  extremely  well  defined  during  the  period  of  absolute 
arrest  of  growth.  When  growth  has  begun  anew-  and  is  progressing 
in  a  satisfactory  way,  iron  preparations  may  be  employed  with 
benefit  to  a  persistent  anemia,  and  may  be  without  noticeable  detri- 
mental effect  on  digestion.  It  is  desirable  to  employ  the  least  irri- 
tant preparations,  and  to  desist  promptly  when  increased  digestive 
disturbances  occur. 

The  administration  of  from  5  to  10  c.c.  of  whisky  with  the  milk, 
kumyss,  or  broth  may  prove  a  helpful  measure  where  the  hands  and 
feet  are  persistently  cold  and  the  peripheral  circulation  is  feeble.  In 
warm  weather  the  alcohol  should  be  omitted,  except,  perhaps,  in  the 
morning.  The  doses  just  mentioned  may  be  repeated  three  or  four 
times  daily  in  some  instances. 

As  to  the  use  of  cathartics,  it  is  certain  that  they  should  always  be 
sparingly  employed,  and  not  frequently.  It  is  not  clear  that  they 
accomplish  any  unmixed  good.  Small  doses  of  calomel  may  be 
used  from  time  to  time  to  bring  away  the  considerable  quantities  of 
mucus  which  accumulate  in  the  upper  colon,  or  to  bring  away 
putrefactive  products  which  have  been  suspected  to  accumulate. 
The  good  that  is  accomplished  by  such  evacuations  is  commonly 
balanced,  in  part,  by  some  prostrating  effect  of  the  cathartic  and  the 
disturbance  of  regular  intestinal  habits.  I  am  disposed  to  believe 
that  the  chief  legitimate  use  of  cathartics  arises  when  there  has  been 
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an  error  of  diet,  but,  as  such  errors  are  very  largely  avoidable,  the 
resort  to  cathartic  medicaments  should  be  rare.  Where  the  rapid 
diminution  of  putrefaction  is  required,  a  quickly  acting  cathartic, 
such  as  castor  oil,  is  probably  the  most  effective  remedy.  I  have 
little  faith  in  the  use  of  intestinal  antiseptics  in  the  management  of 
infantilism,  and  think  we  should  avoid  experimenting  with  them,  at 
least  until  we  get  a  more  rational  basis  for  their  use  than  at  present 
■exists,  and  can  feel  assured  that  those  we  try  are  harmless;  yet  it 
is  possible  the  future  will  teach  us  something  about  the  rational  use 
•of  suitable  antiseptics. 

Where  defective  absorption  of  calcium  and  magnesium  is  so  con- 
spicuous a  feature  as  in  the  processes  underlying  infantilism,  it 
becomes  essential  for  us  to  inform  ourselves  fully  as  to  the  conditions 
that  promote  the  absorption  of  salts  of  the  alkali  earths.  At  present 
our  knowledge  on  this  important  point  is  far  from  satisfactory. 
What  can  we  do  to  secure  better  absorption  of  lime  and  magnesium 
salts?  I  have  already  indicated  my  belief  that  those  conditions, 
which  mitigate  the  inflammatory  state  of  the  small  intestine,  are 
those  that  lead  to  spontaneous  improved  absorption;  but  we  may 
not  be  able  to  wait  patiently  for  this  improvement,  as  we  may  feel 
obliged  to  do  something  to  secure  a  larger  absorption  of  salts  by 
offering  the  mucous  membrane  of  the  intestine  a  larger  or  wider 
choice  of  alkali  earth  compounds.  Physicians  frequently  do,  in 
fact,  attempt  this.  One  way  of  so  doing  is  by  giving  the  patient 
those  salts  which  occur  in  the  bones,  especially  the  phosphates  and 
carbonates  of  calcium  and  magnesium.  As  to  the  efficacy  of  such 
attempts  we  know  nothing  definite,  but  are  warranted  in  suspecting 
that  they  are  largely  futile.  Since  the  feces  contain  an  excess  of 
phosphates  of  the  alkali  earths  in  infantilism,  it  is  clear  that  the 
intestine  must  have  chances  to  take  up  these  salts,  but  fails  to  use 
them.  In  healthy  young  dogs  (and  presumably  in  children)  the 
normal  mucous  membrane  apparently  takes  up  inorganic  tricalcium 
phosphate  as  well  as  the  calcium  salts  of  milk.^  But  under  the 
pathological  conditions  of  infantilism  there  is  no  reason  to  suppose 
that  calcium  phosphate  would  have  any  different  fate  from  the  cal- 
cium salts  of  the  milk,  which  we  know  to  be  imperfectly  absorbed. 

1  Hans  Aron  and  Karl  Frese,  Biochem.  Zeitschr.,  1908,  ix,  pp.  185-207. 
Am  Phvs  21 
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Possibly  one  factor  in  the  defect  of  absorption  is  the  faikire  of  the 
gastric  juice  to  secrete  hydrochloric  acid  in  adequate  quantity — a 
function  which  must  facilitate  the  absorption  of  calcium  and  mag- 
nesium through  the  gradual  formation  of  the  chlorides.  However 
this  may  be  in  fact,  we  shall  do  well  to  give  our  alkali  earth  salts  in 
soluble  form.  For  this  purpose  the  lactates  of  calcium  and  mag- 
nesium may  be  used.  From  20  to  40  mg.  of  calcium  lactate  may  be 
given  in  aqueous  solution  in  the  food,  three  times  daily,  without 
any  detrimental  effects.  I  do  not  think  we  are  justified  in  stating 
positively  that  this  is  a  truly  efficacious  method  of  securing  an 
improved  absorption  in  marked  cases  of  chronic  enteritis,  but  it 
probably  is  the  best  method  at  our  disposal.  It  deserves  to  be 
experimentally  worked  out  with  the  utmost  care. 

Finally,  a  word  should  be  said  on  the  administration  of  phosphoric 
acid.  It  is  as  important  to  give  phosphoric  acid  as  to  give  calcium 
and  magnesium  where  the  skeleton  is  retarded,  but  the  acid  should 
be  given  separately  from  the  alkali  earths  in  order  to  avoid  the  pre- 
cipitation of  insoluble  phosphates  in  the  lumen  of  the  gut.  ^Vhere 
the  stomach  is  not  sensitive  the  acid  sodium  phosphate  may  be 
given,  but  where  this  difficulty  does  exist  the  dilute  phosphoric  acid 
may  be  given  before  meals, 

I  shall  not  attempt  to  discuss  here  the  use  of  fermented  milks, 
because  I  do  not  at  present  possess  the  necessary  data.  I  am,  how- 
ever, making  experimental  obsers^ations  on  this  subject,  and  hope 
before  long  to  consider  it  systematically. 

It  is  believed  that  the  foregoing  considerations,  regarding  the  path- 
ology and  management  of  intestinal  infantilism,  justify  the  conclusion 
that  the  outlook  for  the  amelioration  of  extreme  cases  of  this  affec- 
tion is  in  reality  much  better  than  might  be  supposed  from  the  results 
commonly  obtained.  The  task  of  management  is  at  best  a  tedious 
one,  but  it  is  one  which  repays  deliberate  effort,  both  in  the  variety 
of  scientific  interest  it  affords  and  in  the  satisfaction  it  yields 
through  its  practical  successes.  It  is  essential  to  realize  clearly  that 
rapid  recoveries  are  not  to  be  expected  under  any  circumstances 
after  a  state  of  true  infantilism  has  been  developed.  ^Moreover,  it 
will  be  a  help  to  recognize  that  the  process  of  recovery  may  very 
properly  be  regarded  as  made  up  of  two  distinct  stages.     The  first 
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stage  is  one  of  improved  nervous  and  digestive  conditions,  with  signs 
of  diminishing  intoxication.  In  this  stage  there  is  little  or  no  gain 
in  weight,  although  there  may  be  a  slight  improvement  in  strength. 
This  stage  may  last  from  three  months  to  a  year.  At  the  end  of  this 
time  the  patient  begins  to  gain  distinctly  in  weight  as  well  as  to  con- 
tinue growing  in  strength,  and  when  this  occurs  an  uninterrupted 
improvement  may  be  reasonably  looked  for.  The  important  thing 
is  to  understand  that  improved  bacterial  conditions  must  precede  by 
a  considerable  time  a  significant  gain  in  weight. 

Conclusions.  In  view  of  the  many  details  which  it  has  been 
necessary  to  incorporate  in  this  study  of  infantilism,  it  seems  to  me 
desirable  to  summarize  the  chief  conclusions  which  maybe  drawn  for 
tfte  convenience  of  those  readers  who  do  not  wish  to  give  the  time  to 
read  the  paper  in  its  entirety. 

The  following  are  the  facts  which  I  would  especially  emphasize : 

1.  There  is  a  pathological  state  of  childhood  marked  by  a  striking 
retardation  in  growth  of  the  skeleton,  the  muscles  and  the  various 
organs,  and  associated  with  a  chronic  intestinal  infection  character- 
ized by  the  overgrowth  and  persistence  of  bacterial  flora  belonging 
normally  to  the  nursling  period.  To  this  condition  may  be  applied 
the  term  intestinal  infantilism. 

2.  The  chief  manifestations  of  intestinal  infantilism  are:  arrest 
in  the  development  of  the  body,  maintenance  of  good  mental  powers 
and  a  fair  development  of  the  brain,  marked  abdominal  distention,  a 
slight  or  moderate  or  considerable  degree  of  simple  anemia,  the  rapid 
onset  of  physical  and  mental  fatigue,  and  irregularities  of  intestinal 
digestion  resulting  in  frequent  diarrheal  seizures.  Clinical  features 
of  secondary  importance  are:  excessive  appetite,  various  minor  signs 
of  nervous  instability,  a  subnormal  temperature,  cold  hands  and 
feet,  and  slight  signs  of  rickets. 

3.  A  study  of  the  bacterial  flora  of  the  intestinal  tract  in  cases  of 
infantilism  shows  that  the  dominant  bacteria  of  the  upper  and  lower 
colon  and,  probably,  of  the  ileum  are  largely  Gram-positive  organ- 
isms belonging  to  the  groups  of  organisms  which  may  be  designated 
as  the  Bacillus  hijidus  type,  the  Bacillus  infantilis  type,  and  the 
coccal  type.  It  is  impossible  to  say  to  what  extent  B.  bifidus  and  B. 
infantilis  constitute  the  dominant  types,  partly  because  of  the  diffi- 
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culty  in  forming  reliable  estimates  of  the  quantitative  relations 
between  these  organisms,  partly  because  they  vary  in  the  same  indi- 
vidual under  different  conditions  of  diet  and  at  different  stages  of 
the  disease.  Xoteworthy  is  the  absence  of  organisms  of  the  B.  coli 
and  B.  lactis  a'erogenes  type,  not  only  in  the  feces  but  in  the  material 
collected  through  tiie  use  of  a  cathartic.  The  dominance  of  these 
Gram-positive  organisms  relates,  however,  only  to  infantilism  in  its 
incipiency  and  at  its  height. 

4.  Among  the  urinary  expressions  of  the  bacterial  state  associated 
with  intestinal  infantilism,  are  to  be  constantly  found  an  excess  of 
putrefactive  protlucts  of  intestinal  origin.  Prominent  among  these 
are  indican  and  phenol  compounds.  At  times  indolacetic  acid  is  a 
prominent  putrefactive  product.  Sometimes  the  aromatic  oxyacids 
are  much  in  excess. 

5.  Among  the  characteristic  features  relating  to  the  intestinal  con- 
tents are  the  presence  of  neutral  fats,  fatty  acids,  and  soaps  in  marked 
excess,  pointing  to  impaired  fat  absorption.  With  this  condition  is 
associated  usually  an  increase  of  mucus  and  other  evidence  of  exces- 
sive desquamation  of  epithelial  elements. 

6.  A  careful  study  of  the  calcium  and  magnesium  balances  in  one 
of  our  cases  (Case  I)  showed  failure  of  normal  resorption  of  calcium 
and  magnesium,  thus  accounting  for  the  failure  of  skeletal  growth. 
The  amount  of  calcium  lost  by  the  feces  as  soaps  of  calcium  was  suf- 
ficient to  have  furnished  a  fair  skeletal  growth  had  these  calcium 
soaps  been  absorbed  instead  of  lost.  It  is  a  practical  certainty  that 
the  loss  of  calcium  and  magnesium  through  the  feces  is  the  expla- 
nation of  the  impaired  skeletal  growth  in  intestinal  infantilism. 

7.  In  the  pathology  of  intestinal  infantilism  two  leading  features 
call  for  explanation — first,  the  retardation  of  growth;  second,  the 
chronic  intoxication.  The  retardation  in  growth  can  apparently 
be  explained  on  the  basis  of  the  imperfect  absorption  of  nutritive 
material  which  can  be  demonstrated  in  these  cases.  This  impaired 
absorption  of  foodstuffs  is  probably  to  be  ascribed  to  a  chronic 
inflammation  located  in  the  ileum  and  colon  and  associated  with  the 
presence  of  abnormal  forms  of  bacteria.  The  intoxication  which 
is  so  prominent  a  feature  of  intestinal  infantilism  at  its  height  may 
confidently  l>e  ascribed  to  the  action  of  putrefactive  products  of 
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intestinal  origin  upon  the  central  nervous  system  and  muscles.  The 
exact  relation  of  the  abnormal  bacterial  flora  to  the  pathological 
conditions  in  the  intestine  is  not  yet  clear.  The  chief  evidence  in 
favor  of  the  causal  relationship  between  the  phenomena  of  infan- 
tilism and  the  overgrowth  and  persistence  of  flora  of  the  nursling 
period,  especially  B.  hifidus,  is  found  in  the  changes  that  occur  during 
convalescence  when  these  organisms  are  gradually  replaced  by  those 
of  the  type  appropriate  to  infancy.  A  further  evidence  in  the  same 
direction  is  seen  in  the  great  increase  in  the  infantile  types  of  bacteria 
during  periods  of  relapse.  There  is  no  evidence  at  present  that 
intestinal  infantilism  has  any  other  origin  than  a  purely  intestinal  one. 

8.  There  is  a  condition  of  acute  or  subacute  infection  of  the  intes- 
tinal tract  in  early  infancy  which  leads  to  great  losses  in  weight  and 
strength,  the  persistence  of  which  is  a  probable  cause  of  chronic 
infantilism.  This  condition,  like  chronic  infantilism,  is  associated 
with  the  dominance  of  Gram-positive  microorganisms  in  the  intes- 
tinal tract,  mainly  those  belonging  to  the  groups  of  B.  hifidus  and 
B.  infantilis,  or  certain  other  acidophile  bacteria  which  are  closely 
related.  The  bacterial  conditions  of  this  acute  or  subacute  infection, 
if  not  identical  with  those  of  chronic  infantilism,  are,  nevertheless, 
very  similar,  and  this  is  a  further  reason  for  regarding  the  chronic 
condition  as  the  outcome  of  the  more  acute  state  just  mentioned. 

9.  The  state  of  intestinal  infantilism  is  a  very  persistent  one,  and 
not  likely  to  be  followed  by  normal  growth  except  as  the  result  of 
careful  therapeutic  interference.  A  certain  proportion  of  such  chil- 
dren die  from  acute  infections  of  the  intestines;  others  are  perma- 
nently retarded  in  growth,  w^hich  leads  to  pronounced  dwarfism. 

10.  Rational  therapeutic  interference  in  cases  of  chronic  intestinal 
infantilism  offers  hope  of  the  reestablishment  of  the  processes  of 
growth,  even  in  cases  in  which  the  bodily  arrest  has  been  extreme 
and  of  long  duration.  If  it  is  too  much  to  say  that  the  most  satis- 
factory methods  of  treatment  are  now  known,  it  may  be  claimed,  at 
least,  that  we  are  in  possession  of  certain  principles  of  treatment 
which,  when  applied,  are  likely  to  yield  better  results  than  any  that 
have  heretofore  been  employed. 


ox  THE  E.\RLY  DL\STOLIC  HE.\RT  SOUND  (THE  SO- 
CALLED  THIRD  HEART  SOUND). 


Bv  WILLIAM  SYDNEY  THAYER.  M.D. 

BALTIMORE. 


If  one  place  the  hand  in  the  region  of  the  cardiac  apex  of  a  young 
individual  with  a  chest  wall  not  too  thick,  the  systolic  impulse  of  the 
heart  is  easily  palpable.  A  slight  shock  may  also  be  felt  at  the  time 
of  closure  of  the  aortic  valves.  On  auscultation  one  hears  the  two 
heart  sounds:  the  first,  more  prolonged  and  low  pitched,  but  with  a 
clearly  defined  ending;  the  second,  short,  definite,  high  pitched,  and 
clean  cut.  In  the  long  pause  between  the  close  of  the  aortic  valves 
and  the  beginning  of  the  next  systole,  there  is  often  silence.  This, 
however,  is  not  always  the  case.  As  I  have  already  pointed  out  in 
another  communication,^  a  third  sound  is  not  infrequently  audible, 
especiallv  in  young  people  with  thin  chest  walls.  The  sound  is  softer 
and  of  lower  pitch  than  the  second  sound;  sometimes  it  is  a  dull, 
distant  thud;  sometimes  merely  a  hum;  it  occurs  shortly  after  the 
second  sound;  that  is,  at  the  beginning  of  the  long  pause.  It  is, 
however,  always  appreciable  at  a  time  later  than  that  occupied  by  a 
true  reduplication  of  the  second  sound,  and  it  is  audible  only  or  with 
greatest  intensity  at  or  near  the  apex.  In  some  cases  it  may  be  heard 
over  the  lower  part  of  the  right  ventricle.  At  times  the  sound  is 
followed  by  the  faintest  suggestion  of  an  echo  resembling  a  slight, 
early  mitral  diastolic  murmur.  This  resemblance  has,  in  some  cases, 
been  sufficiently  striking  to  suggest  that  the  phenomenon  might  be 
due  to  a  similar  mechanical  cause;  so  much  so,  indeed,  that  I  have 
long  been  in  the  habit  of  maintaining  that  the  entrance  of  blood  from 
auricle  into  ventricle  is  associated  in  some  instances  with  a  slightly 
audible  sound.  This  early  diastolic  sound  may  be  associated  with  a 
shock  which  is  just  perceptible  to  the  palpating  hand.  The  condition 
is  rendered  more  readily  appreciable,  and  may  be  brought  out  in 
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cases  in  which  it  is  not  otherwise  audible  by  a  simple  maneuvre.  If 
the  patient  turn  well  upon  the  left  side  in  such  a  position  that  the 
chest  overhangs  the  edge  of  the  bed,  the  apex  impulse  of  the  heart, 
which  is  thrown  more  directly  against  the  chest  wall,  becomes  more 
forcible  and  may  be  more  easily  studied  by  the  hand  and  the  stetho- 
scope. On  palpation  of  a  heart  in  this  position  it  is  not  very  uncom- 
mon to  feel,  first,  the  systolic  impulse,  then  a  slight  suggestion  of  the 
shock  accompanying  the  closure  of  the  aortic  valves  and  second 
sound,  and  then,  with  the  relaxation  of  the  ventricle,  a  third  impulse 
following  rather  closely  after  the  second  sound.  In  some  cases  in 
which  an  impulse  is  palpable,  auscultation  reveals  no  actual  well- 
defined  sound.  One  is,  however,  sensible  of  a  slight  shock  to  the 
tympanic  membrane  analogous  to  that  which  is  felt  with  the  pal- 
pating hand.  The  sound  and  shock  may  be  more  appreciable  at  the 
end  of  expiration. 

This  sound  is  certainly  not  an  abnormal  phenomenon.  It  has  been 
familiar  to  me  for  over  twenty  years,  and  I  have  frequently  men- 
tioned it  to  my  students.  It  has  always  been  a  matter  of  interest  to 
me  that  an  event  so  definite,  one  which  must  be  familiar  to  many 
clinicians  and  physiologists,  has  not  been  more  generally  recognized. 

Barie,'  indeed,  in  1893,  says:  "If  one  auscult  a  large  number  of 
healthy  individuals,  one  perceives  that  the  long  pause  is  not  absolutely 
free  from  sound,  but  that  there  may  be  heard  a  slight  rudimentary 
sound  barely  perceptible,  which,  if  exaggerated,  will  give  rise  to 
gallop  rhythm."  Within  the  last  year  the  sound  has  been  noted 
by  several  observers.  Hirschfelder,  in  an  article  on  "Some  Vari- 
ations in  the  Form  of  the  Venous  Pulse, "^  describes  two  cases  in 
which  a  wave  was  observed  in  the  jugular  pulse  immediately  after  the 
fall  following  the  so-called  r  wave — i.  e.,  the  fall  following  the  open- 
ing of  the  auriculo-ventricular  valves — between  this  and  the  a 
wave  of  auricular  contraction.  In  one  of  these  cases  " .  .  .  the 
heart  sounds  were  loud  and  clear,  but  at  the  end  of  expiration  a  very 
faint  third  sound,  coinciding  with  the  time  noted  in  protodiastolic 
gallop  rhythm,  was  audible  in  the  tricuspid  area,  at  the  time  when  the 
venous  pulse  was  taken.  This  sound  was  not  loud  enough  to  be 
definite,  and  none  of  the  tracings  which  I  have  made  at  other  times 
upon  cases  with  gallop  rhythm  have  shown  this  peculiar  variation;  so 
that,  as  yet,  no  definite  conclusions  as  to  the  relations  of  this  unusual 
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wave  of  the  venous  pulse  to  either  the  closure  of  the  tricuspid  valve 
or  the  gallop  rhythm  are  warrantable."  Hirschfelder,  however,  calls 
attention  to  the  probable  correspondence  of  this  wave  with  the 
shoulder  of  the  cardioplethysmogram,  and  the  time  at  which  the 
mitral  and  tricuspid  valves  are,  according  to  Henderson,  closed 
by  the  floating  together  of  the  cusps. 

Recently,  an  interesting  note  has  appeared  by  Einthoven,^  "On 
a  third  heart  sound."  WTiile  studying  the  heart  sounds,  by  means  of 
his  string  galvanometer,  Einthoven  met  with  a  case  in  which  vibra- 
tions were  recorded  occurring  at  a  period  in  diastole  similar  to  that 
in  which  our  sound  is  audible.  These  vibrations  began  on  an 
average  0.13  (0.11  to  0.15)  second  after  the  beginning  of  the  second 
sound,  and  0.32  second  before  the  beginning  of  the  following  first 
sound;  that  is,  somewhat  before  the  end  of  the  first  third  of  diastole 
with  a  pulse  rate  of  73. 

A.  J.  Gibson,^  of  Oxford,  has  also  observed  and  well  described 
a  similar  sound.  Gibson's  article  is  interesting,  not  only  because 
of  his  excellent  description  of  this  sound,  but  because,  although 
approaching  the  subject  from  a  somewhat  different  standpoint,  his 
conclusions  as  to  the  probable  cause  of  the  phenomenon  are  similar  to 
ours,  which  were  reached  quite  independently  from  him  and  before 
the  publication  of  his  article ;  they  are  also  similar  to  the  explanation, 
hinted  at  by  Hirschfelder.  Gibson  met  with  the  sound  in  the  course 
of  some  studies  upon  a  wave  of  the  jugular  pulse  similar  to  that 
described  by  Hirschfelder.  At  approximately  the  same  time  at 
which  this  wave  appears,  he  detected  in  two  cases,  " .  .  .  a  third 
sound  between  the  second  sound  and  the  succeeding  first  sound.  It 
was  heard  only  at  the  apex  in  one,  while  in  the  other  case  it  was  heard 
at  the  apex  and  over  the  jugular  pulsation  in  the  neck.  The  sound  is 
by  no  means  easy  to  hear;  extraneous  sounds  must  be  eliminated  as 
far  as  possible,  and  special  attention  paid  to  the  interval  in  which  the 
sound  is  expected.  Nor  is  it  possible  to  hear  the  sound  at  every 
systole;  from  my  own  observation  it  is  best  heard  in  the  short  interval 
between  expiration  and  inspiration.  The  quality  of  the  sound  is  low 
pitched  and  clear,  with  no  suspicion  of  harshness  or  anything  suggest- 
ing a  murmur.  Except  for  the  pitch  it  recalls  in  type  the  second 
sound  as  heard  in  fat  persons.  It  is  slightly  increased  in  intensity 
and  raised  in  pitch  by  pressure  on  the  abdomen." 
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Our  interest  in  this  subject  was  accentuated  in  November  last  in 
the  course  of  some  studies  which  we  were  making  upon  the  dog's 
heart.  At  this  time  it  was  accordingly  determined  to  note  all  cases  in 
which  an  early  diastolic  sound  and  shock  were  observed  in  appar- 
ently normal  hearts.  The  results  of  some  of  these  observations,  which 
form  the  basis  of  this  communication,  were  presented  before  the 
^Esculapian  Club  in  Boston,  December,  1907. 

During  four  months,  in  the  course  of  ordinary  ward  visits  and  in 
my  consulting  room,  I  have  met  with  24  cases  in  which  an  early 
diastolic  sound  was  heard  in  an  otherwise  apparently  normal  heart. 

The  condition  of  the  patients  at  the  time  of  examination  was  as 
follows : 

Incipient  tuberculosis  (afebrile) 1 

Convalescents,  on  the  eve  of  discharge  from  hospital: 

From  slight  arthritis 3 

From  appendicitis  (operation) 1 

From  tj'phoid  fever 2 

From  catarrhal  jaundice 1 

From  obscure  htematiu-ia 1 —  S 

These  patients  were,  to  all  intents,  healthy  indi-\-iduals. 

Healthy  individuals — A  physician  (Hirschfelder's  case). 

A  healthy  hospital  employe  in  whom  the  third  sound  had  been  discovered  while 

convalescent,  some  weeks  before,  from  influenza. 
A  laboratory  assistant  in  whom  the  sound  was  discovered  after  the  man  had  been 

used  as  an  example  of  a  normal  individual  in  the  preparation  of  the  tracings 

shown  in  Fig.  2. 
A  healthy  boy  of  fourteen  brought  to  my  consulting  room  by  an  over-anxious 

parent -t 

Cyclic  albuminuria,  with  normal  heart  and  blood  pressure 2 

Exophthalmic  goitre;  a  mild  incipient  case  with  an  apparently  normal  heart  and 

pulse  rate 

Chronic  tonsillitis ;.-.... 

Neurasthenia 

Overwork  and  debility 

Chronic  appendicitis 

Cholelithiasis,  in  a  period  of  rest 

Rather  delicate  girl  with  suspected  tuberculosis 

Nerv'ous,  but  otherwise  healthy  boy  of  fifteen 

Chronic  adenitis  (Hodgkin's  disease?) 

24 

The  ages  of  these  patients  were  as  follows : 

First  decade 1 

Second  decade 11 

Third  decade 8 

Fourth  decade 2 

Fifth  decade 2 

24 
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The  youngest  individual  was  five  years  of  age;  the  oldest,  forty- 
four. 

The  pulse,  of  normal  rate  in  all  cases,  tended  rather  to  be  slow  than 
rapid;  the  rate  ranged  between  50  and  88  to  the  minute. 

The  blood  pressure  was  within  normal  limits  in  all  cases,  tending 
to  be  rather  low  than  high. 

The  averages  for  each  decade  were  as  follows : 

Maximum.  Minimum.. 

First  decade 100 — 115  (1  case) 

Second  decade 106.6         (9  cases)  78.8    (Teases)    • 

•(In  the  seven  cases  in  which  the  minimal  pressure  was  taken  the  maximal  pressure  averaged 
110.) 

Third  decade 114  (8  cases)  77.5    (6  cases) 

<In  the  six  cases  in  which  the  minimal  pressure  was  taken  the  average  maximal  pressure  was 
119.6.) 

Fourth  decade 135  (1    case)  95        (1    case) 

Fifth  decade 120  (1    case)  78        (1    case) 

In  some  of  these  cases  the  sound  was  heard  only  when  the  patient 
was  lying  on  his  back  or  on  his  left  side,  disappearing  in  the  erect 
posture.  In  some  it  was  heard  in  all  postures.  In  most  it  was 
increased  in  intensity  in  the  left  lateral  decubitus.  In  all  cases  the 
sound  was  loudest  at  the  point  of  maximal  impulse  in  the  region  of 
the  apex;  in  several  it  was  heard  to  a  lesser  extent  over  the  right 
ventricle.    In  none  was  it  audible  at  the  base. 

In  several  cases  it  was  associated  with  a  distinctly  palpable  shock 
limited  to  the  point  of  maximal  impulse.  This  shock  was  actually 
visible  in  a  few  of  these  instances.  While  examining  one  case  in 
which  the  third  sound  was  especially  clear  (the  case  from  which  the 
tracing  in  Fig.  4  was  taken),  the  stethoscope  w^as  handed  to  a  second- 
year  student  who  had  never  examined  a  heart,  and  was  quite  unaware 
of  the  existing  conditions.  The  student  heard  the  sound  and  de- 
scribed it  accurately. 

The  Early  Diastolic  Sound  in  the  Dog.  But  it  is  not  only 
in  the  human  heart  that  a  sound  may  be  heard  at  this  period.  I  have 
three  times  observed  similar  sounds  in  the  normal  dog's  heart.  To 
the  first  case  reference  has  already  been  made — a  dog  studied  with 
Dr.  MacCallum  two  years  ago.  In  this  instance  cannulas  had  been 
inserted  in  the  left  femoral  artery,  the  appendage  of  the  left  auricle, 
and  into  the  peripheral  part  of  a  severed  branch  of  the  pulmonary 
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artery.  By  so  doing  the  heart  was  slightly  rotated  over  toward  the 
right,  while  the  left  auricle  was  held  rather  tensely  in  position  by  the 
cannula  in  the  auricular  appendage.  There  then  became  audible 
in  the  left  auricle  and  just  below  the  valves  a  first,  second,  and  then, 
after  a  momentary  pause,  a  third  sound,  a  diastolic  rumble  in  every 
way  similar  to  the  early  diastolic  murmur  heard  in  some  cases  of 
mitral  stenosis.  Gradually  the  murmur  disappeared,  and  one  heard 
only  a  thud,  which  became  clearer  with  the  decreasing  rate  of  heart's 
action.  One  was  able  to  observe  systole  of  the  ventricle,  immediately 
followed  by  the  second  sound,  which  occurred  while  the  ventricle  was 
still  in  a  state  of  contraction.  Then  followed  the  sudden  dilatation 
of  the  ventricle,  which  occurred  abruptly  with  a  distinct  shock,  having 
altogether  the  appearance  of  an  active  muscular  process.  Syn- 
chronously with  this  shock  occurred  the  third  sound,  the  character  of 
which  was  precisely  that  of  the  sound  in  protodiastolic  gallop  rhythm 
heard  under  so  many  circumstances.  AVe  were  able  in  this  case 
practically  to  see  the  association  of  this  sound  with  a  definite  moment 
in  the  heart's  cycle;  that  is,  the  shock  of  what  seemed  almost  like  an 
active  diastole. 

Since  this  time  Dr.  Stewart  and  I  have  had  two  similar'experiences. 
In  the  first  case,  at  the  outset  of  some  observations  upon  the  heart 
of  a  small  fox  terrier,  the  sounds  were  found  to  be  perfectly  clear. 
During  the  process  of  opening  the  chest  there  was  an  unusual  amount 
of  haemorrhage.  When  the  heart  was  exposed,  with  a  pulse  rate  of 
about  100,  a  distinct  third  sound  was  audible  over  the  left  ventricle; 
it  was  not  heard  over  the  right  chamber.  This  was  exactlv  like  the 
early  diastolic  sound  in  the  human  being,  a  slight  dull  thud  following 
the  second  sound  after  a  period  somewhat  less  than  that  which 
separates  the  first  from  the  second  sound.  In  this  instance  the 
dilatation  of  the  ventricle  with  diastole  appeared  to  be  rather  rapid, 
but  by  no  means  as  strikingly  so  as  in  the  previous  case.  An  attempt 
was  made  to  study  the  effects  of  vagus  stimulation.  The  response 
was  curiously  slow  and  unusual.  Stimulation  at  first  produced  no 
result,  but,  after  removing  the  electrode  from  the  nerve,  the  heart 
stopped.  With  resumption  the  first  fifteen  or  twenty  beats  were  very 
slow,  and  during  these  beats  the  third  sound  was  more  distinct. 
On  large  doses  of  strvchnine  the  heart  was  seen  to  draw  itself  together 
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visibly.  The  diastolic  relaxation  was  much  diminished;  the  rate 
rose  to  about  120;  the  sound  wholly  disappeared.  Necropsy  showed 
no  abnormalities. 

In  another  dog,  in  which  this  sound  was  present,  a  slight  interrup- 
tion in  the  dilatation  of  the  ventricles  could  be  seen  if  one  fixed  the 
attention  on  a  bit  of  epicardial  fat  on  the  surface  of  the  right  ven- 
tricle as  it  moved  under  the  unopened  pericardium.  The  sound 
appeared  and  disappeared  at  various  times  during  the  observation,, 
and  the  auscultatory  changes  could  always  be  controlled  by  the 
appearance  or  disappearance  of  this  slight  irregularity  in  diastole^ 
It  was  evident  that  the  first  part  of  the  filling  of  the  ventricle,  that 
before  the  interruption,  was  by  far  the  most  rapid,  and  the  third- 
sound  occurred  clearly  in  association  with  this  rapid  filling. 

How  may  we  account  for  this  early  diastolic  sound  and  shock 
heard  and  felt  so  often  in  human  beings  and  observed  in  these  three 
instances  in  dogs?  Although  during  the  last  twenty  years  I  have 
often  heard  the  sound  in  apparently  healthy  individuals,  the  explana- 
tion of  the  phenomenon  has  never  seemed  clear.  Two  years  ago 
both  Dr.  MacCallum  and  I  were  struck  by  its  association  with  what 
appeared  to  be  a  very  sudden  diastole,  so  sudden  that  it  seemed  to  us 
as  if  it  might  almost  be  an  active  muscular  process,  and  we  asked 
ourselves  whether  it  might  not  be  a  muscular  sound  due  either  to- 
active  diastole  or  to  the  tension  of  a  distended  ventricle  associated 
with  the  sudden  entrance  of  blood  from  the  auricle.  The  conception, 
of  an  active  muscular  diastole  we  may  probably  dismiss.  There  is  no 
direct  evidence  to  support  the  idea. 

In  considering  the  cause  of  this  sound  and  shock  in  early  diastole 
it  may,  however,  be  interesting  to  inquire  into : 

1.  The  exact  time  relations  of  the  sounds. 

2.  The  relation  of  the  third  sound  and  shock  to  the  events  observed 
on  the  cardiogram. 

3.  Their  relations  to  the  jugular  pulse. 

4.  Their  relations  to  the  volume  curve  of  the  distending  ventricle. 

5.  Their  relations  to  sounds  and  shocks  heard  and  felt  at  this 
period  under  various  pathological  conditions. 
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1.  The  Time  Relations  of  the  Sol*nds.  As  to  the  first  of  these 
points  it  will  be  impossible  to  speak  until  we  shall  have  obtained  a 
registration  of  the  heart  sounds  such  as  is  possible  only  with  an 
instrument  analogous  to  Einthoven's  string:  galvanometer.  Ein- 
thoven  in  his  case,  in  which  the  pulse  varied  from  73  to  81  to  the 
minute,  found  that  the  average  time  between  the  beginning  of  the 
first  and  that  of  the  second  sound  was  0.33  second.  The  relation  of 
the  length  of  systole  to  the  length  of  the  whole  cardiac  cycle  was  as 
0.33  to  0.80  or  about  as  41  to  100.  The  beginning  of  the  third  sound, 
which,  it  should  be  remembered,  was  in  this  case  inaudible,  occurred 


Fig.  1. — Normal  cardiogram,  showing  protodiastolic  and  presystolic  elevations. 


0.13  second  (0.11  to  0.15)  after  the  beginning  of  the  second  sound, 
and  0.32  before  the  beginning  of  the  following  first  sound.  The 
length  of  the  first  sound  was  0.08;  of  the  second,  0.05;  of  the  third, 
0.02  to  0.03  second. 

2.  The  Relation  of  the  Third  Sound  and  Shock  to  the 
Events  Observed  on  the  Cardiogram.  An  approximate  estima- 
tion of  the  position  of  the  third  sound  in  diastole  may  be  obtained 
when  we  take  into  consideration  the  events  observed  upon  the  car- 
diogram.   If  one  consider,  now,  the  normal  cardiogram,  an  excellent' 
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example  of  which  is  shown  in  Fig.  1,  which  is  reproduced  from  a 
tracing  taken  by  my  assistant,  Dr.  Stewart,  from  a  patient  with 
exposed  heart  from  the  chnic  of  Prof.  F.  Miiller,  in  Munich,  it  will 
be  seen  that  there  are  two  slight  elevations  during  diastole,  one  closely 
following  the  katacrotic  limb  of  the  svstolic  elevation,  the  other 
preceding  the  onset  of  systole.  These  waves  were  pictured  and 
described  by  Marey,"  who  ascribed  the  early  diastolic  wave  to  the 
influx  of  blood  from  the  auricle,  the  presystolic  elevation  to  the 
increased  rapidity  of  its  flow  as  a  result  of  auricular  systole.  It  is 
with  the  early  diastolic  elevation  that  we  are  especially  interested. 
Now,  in  our  cases  in  which  an  early  diastolic  sound  was  heard  in 
apparently  normal  hearts  this  elevation  was  invariably  prominent, 
so  much  so  that  in  some  cases  it  could  be  observed  by  the  hand,  the 
ear,  and  the  eye;  it  was  well  recorded  on  the  cardiogram  in  all  of 
twelve  cases  in  which  tracings  were  taken. 

As  to  the  relation  between  the  sound  and  the  shock  there  can  be 
little  doubt.  They  are  equally  appreciable  by  the  ear  and  are  clearly 
synchronous.  The  comparison  of  that  which  one  feels,  hears,  and 
sees  with  what  is  registered  on  the  cardiogram,  can  leave  no  doubt  in 
one's  mind  that  the  third  sound  is  closely  connected  with  this  early 
diastolic  elevation,  and  it  is  difiicult  to  avoid  the  assumption  that  the 
two  phenomena  are  associated  with  the  same  causal  elements. 

At  what  time  in  diastole  does  this  elevation  occur?  In  eight 
tracings  from  seven  cases  the  approximate  duration  of  systole,  esti- 
mated by  mesisuring  the  distance  from  the  onset  of  the  systolic 
elevation  to  the  shoulder  of  the  cardiogram,  was  0.32  second  (0.28 
to  0.345).  The  beginning  of  the  protodiastolic  elevation  occurred 
0.1+  (0.085  to  0.14)  second  and  the  summit  0.18+  second  (0.155  to 
0.215)  from  the  shoulder  of  the  cardiogram.  The  length  of  diastole,, 
estimated  by  measuring  the  period  between  the  shoulder  of  one 
systolic  elevation  and  the  onset  of  that  succeeding,  was,  on  an  aver- 
age, 0.594.  The  average  rate  in  these  cases  was  a  little  over  sixty-five 
per  minute.  The  sound,  then,  must  occur  somewhere  within  the 
period  occupied  by  this  protodiastolic  elevation,  between  0.1  and 
0.18  second  after  the  end  of  systole.  This  is  very  closely  analogous 
to  the  time  at  which  Einthoven  detected  the  vibrations  in  his  case,, 
namelv,  0.11  to  0.15  second  after  the  onset  of  the  second  sound. 
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3.  The  Relations  of  the  Protodiastolic  Sol'nt)  .\nd  Shock 
TO  THE  Jugular  Pulse.    Assuming,  as  we  are  clearly  justified  in 
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Fig.  2. — Cardiogram  and  jugular  curve  from  a  healthy  man,  aged  nineteen  years,  who 
showed  a  slight  early  diastolic  soimd:  a,  a  wave;  c,  c  wave;  h,  h  wave.  1,  beginning  of 
systole;  2,  approximate  end  of  systole;  3,  beginning  of  protodiastolic  wave  of  cardiogram; 
4,  summit  of  protodiastolic  wave  of  cardiogram.  Transmission  time  may  be  estimated  by 
measuring  the  period  between  1  and  the  beginning  of  the  c  wave  on  the  jugular  cur\-e.  Tmie 
marked  in  ^  seconds. 
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Fig.  3. — Cardiogram  and  jugular  tracing  from  a  healthy  physician,  aged  thirty-five  years, 
who  showed  an  early  diastolic  sound:  a,  a  wave;  c,  c  wave;  v,  v  wave;  h,  h  wave.  1, 
beginning  of  systole;  2,  approximate  end  of  systole;  3,  beginning  early  diastolic  wave; 
4,  summit  of  early  diastolic  wave.  Transmission  time  may  be  estimated  by  measuring  the 
period  between  1  and  the  beginning  of  the  c  wave  on  the  jugular  pulse.  Time  marked 
in  Jjj  seconds.     (Taken  from  the  subject  of  Hirschfelder's  original  case.) 

assuming,  that  the  early  diastolic  sound  is  synchronous  with  the 
protodiastolic  elevation  on  the  cardiogram,  we  have  sought  to  deter- 
mine the  time  of  its  occurrence  on  the  curve  of  the  jugular  pulse. 
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As  a  result  of  the  study  of  seven  simultaneous  cardiographic  and 
venous  tracings  taken  from  six  individuals,  with  apparently  normal 
hearts,  in  whom  an  early  diastolic  sound  was  audible,  it  has  been 
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possible  to  determine,  within  fairly  definite  limits,  the  events  in  the 
venous  pulse  which  correspond  to  the  protodiastolic  elevation. 
The  normal  jugular  pulse  (Figs.  2,  3,  and  4)  shows  three  marked 
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elevations.  The  a  wave,  which  corresponds  to  the  auricular  systole, 
is  closely  followed  by  the  c  wave,  which  marks  the  onset  of  ventricular 
systole.  The  c  wave  is  succeeded  during  systole  by  a  deep  depres- 
sion associated  with  the  emptying  of  the  heart  and  the  pulling  down 
of  the  auriculo- ventricular  valves  by  the  papillary  muscles.  This 
depression  is  followed  by  an  abrupt  rise,  the  so-called  v  wave,  near 
the  base  of  the  ascending  limb  of  which  occurs  the  closure  to  the 
aortic  valves.  The  summit  of  the  v  wave,  at  which  point  occurs  the 
opening  of  the  auriculo-ventricular  valves,  is  followed  usually  by  a 
sharp  fall  and  then  a  plateau  or  a  slight  gradual  rise  up  to  the  time 
of  the  next  a  wave.  Other  waves  may  occur  during  this  period. 
One  which  has  been  pointed  out,  especially  by  Hirschfelder,  and 
subsequently  by  Gibson,  may  occur  immediately  after  the  depression 
following  the  v  elevation.  This  has  been  called  by  Hirschfelder 
the  h  wave. 

In  these  six  cases  the  onset  of  the  protodiastolic  elevation  on  the 
cardiogram,  during  which  the  third  sound  occurs,  is  found  when 
allowance  is  made  for  transmission  time,  to  correspond  invariably 
to  a  point  somewhere  on  the  katacrotic  limb  of  the  v  wave.  Some- 
times this  is  near  the  summit,  usually  nearer  the  base,  sometimes 
almost  at  the  base.  The  summit  of  the  protodiastolic  elevation 
corresponds,  after  allowing  for  transmission,  to  the  base  of  the  v 
wave,  or  to  a  point  on  the  plateau  or  elevation  following  this.  It  is 
interesting  that  in  five  of  these  six  cases  an  h  wave  was  present.* 
Four  times  it  was  a  well-marked  elevation;  once  it  was  but  slight 
and  inconstant.  In  the  sixth  case,  in  which  the  third  sound  was 
but  slight,  there  were,  at  one  or  two  points,  suggestions  of  an  h 
wave.  In  three  of  the  tracings  the  summit  of  the  protodiastolic 
elevation,  with  allowance  for  transmission,  reached,  with  some  beats, 
a  point  on  the  anacrotic  limb  of  the  h  wave. 

*  On  looking  over  our  tracings  a  few  days  before  sending  our  manuscript  to  the  printer,  it 
was  found  that  there  was  no  record  of  a  jugular  pulse  showing  the  n,  c,  and  v  elevations  alone 
which  was  suitable  for  publication.  Dr.  Eyster  and  Dr.  Stewart  accordingly  kindly  consented 
to  take  the  tracing,  which  is  shown  in  Fig.  2,  from  a  healthy  laboratory  assistant,  aged 
nineteen  years.  On  examination  of  the  tracings,  a  well-marked  protodiastolic  elevation 
was  found  on  the  cardiogram,  and  an  h  wave  in  the  venous  pulse.  As  Dr.  Stewart  informed 
me  that  he  had  not  made  a  careful  examination  of  the  heart,  I  asked  the  man  to  come  to 
my  consulting  room  at  the  end  of  his  day's  work.  He  was  found  to  have  a  most  character- 
istic third  sound. 
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4.  The  Time  Relations  of  the  Sount)  and  Shock  and  Proto- 
diastolic Elevation  on  the  Cardiogram  to  the  Cardio-ple- 
thysmogram.  The  important  observations  of  Yandel  Henderson' 
have  demonstrated  that  diastole  is,  in  most  instances,  a  considerably 
more  rapid  process  than  has  generally  been  assumed.  His  observa- 
tions, which  have  been  confirmed  in  many  points  by  Stewart,*  in  his 
studies  of  aortic  insufficiency  in  the  dog,  show  that  a  large  part  of  the 
filling  of  the  ventricle  may,  in  some  cases,  occur  in  the  first  moments 
of  diastole  in  a  very  short  period  of  time,  the  plethysmogram  showing 
an  abruptly  ascending  limb,  indicating  a  rapid  dilatation  of  the 
ventricle,  followed  by  a  fairly  definite  shoulder,  after  which  the  filling 
is  more  or  less  gradual  up  to  the  time  of  auricular  systole,  when  there 
is  again  a  slight  rise  in  the  volume  curve.  Occasionally  the  filling 
is  so  complete  in  the  early  part  of  diastole  as  almost  to  justify  Hen- 
derson's somewhat  schematic  division  of  the  long  pause  into  diastole 
and  diastasis.  In  such  plethysmograms  the  ascending  limb  of  the 
volume  curve  rises  almost  vertically  to  a  point  nearly  as  high  as  that 
maintained  at  the  end  of  diastole,  and  terminates  in  a  sharp  shoulder, 
the  summit  remaining  nearly  flat  until  the  slight  rise  associated  \\nth 
auricular  contraction. 

The  evidence  offered  by  the  plethysmogram  of  a  sudden  change 
in  the  rapidity  of  dilatation  of  the  ventricle  occurring  in  the  early 
part  of  diastole  appeared  to  me  interesting  in  connection  \\dth  the 
time  of  occurrence  of  the  early  diastolic  sound  and  shock  with  which 
we  have  been  concerned.  And,  indeed,  on  studying  various  plethys- 
mograms made  by  Dr.  Stewart  from  the  hearts  in  dogs  with  and 
without  aortic  insufficiency,  and  plotting  on  these  the  time  at  which 
the  various  events  of  the  heart's  cycle  should  fall,  it  was  found  that 
an  abrupt  shoulder,  when  present,  coincided  closely  with  the  period 
at  which  the  protodiastolic  elevation  is  observed  on  the  cardiogram. 
The  period  of  time  elapsing  between  the  foot  of  the  ascending  limb 
of  the  plethvsmogram,  at  which  time  aortic  closure  should  occur,  and 
the  shoulder  amounted,  in  one  instance,  to  a  period  as  short  as  0.15  in 
a  pulse  of  85.  This  may  be  compared  w4th  our  Case  VII,  in  which, 
in  a  little  girl,  aged  five  years,  with  a  pulse  of  87,  the  summit  of  the 
protodiastolic  elevation  fell  0.15  second  after  the  shoulder  of  the 
cardiogram. 
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In  an  attempt  to  throw  further  light  on  this  question  the  plethys- 
mogram  of  a  normal  dog's  heart  was  taken  by  Henderson's  method, 
while  synchronous  records  were  made  of  the  carotid  pressure  and  of 
the  pressure  in  the  right  auricle  by  means  of  a  Fredericq  sound 
introduced  through  the  jugular  vein.  Unfortunately  the  heart's 
action  was  very  rapid  and  diastole  so  shortened  that  it  was  impos- 
sible to  study  the  relations  properly.  With  vagus  stimulation,  how- 
ever, some  observations  were  made  which,  while  they  must  perhaps 
be  accepted  with  reserve,  are  yet  not  devoid  of  interest.  In  such 
curves,  where  the  early  part  of  diastole  is  rapid  and  the  shoulder 
on  the  cardiogram  is  well  defined,  the  c  wave  in  the  venous  pulse 
corresponds  exactly  with  the  beginning  of  the  systolic  fall.  The 
dicrotic  notch  on  the  carotid  tracing  occurs,  with  allowance  for  trans- 
mission time,  just  at  the  foot  of  the  ascending  limb  of  the  plethysmo- 
gram.  The  v  wave  of  the  venous  pulse  begins  just  before  the  end  of 
systole,  while  its  summit  falls  at  a  point  a  little  way  up  the  ascending 
limb.  The  shoulder  of  the  volume  curve  falls  on  the  katacrotic  limb 
of  the  V  wave  near  the  beginning  of  or  on  a  shoulder  analogous, 
apparently,  to  the  d  wave  of  Bard.  In  other  words,  the  relations  of 
the  cardio-plethysmogram  to  the  jugular  pulse  tend  also  to  show  that 
the  shoulder  of  the  volume  curve  corresponds  closely,  as  to  its  time 
of  occurrence,  with  the  summit  of  the  protodiastolic  elevation  of  the 
cardiogram. 

5.  The  Relations  of  the  Normal  Protodiastolic  Sound  and 
Shock  to  Similar  Events  Observed  at  this  Period  in  Various 
Pathological  Conditions.  ^\Tien  one  considers  the  time  at  which 
this  additional  sound  and  shock  occur,  as  well  as  the  character  of  the 
sound,  one  is  immediately  struck  by  the  analogy  which  exists  with 
sounds  heard  during  the  long  pause  of  the  cardiac  cycle  in  a  variety 
of  pathological  conditions. 

(a)  The  So-called  Opening  Snap  of  Mitral  Stenosis.  In  mitral 
stenosis  the  diastolic  murmur  begins  often  shortly  after  the  closure  of 
the  aortic  valves,  with  a  short,  sharp  sound  associated  with  a  shock 
closely  analogous  to  that  occasionally  observed  in  normal  hearts. 
Although,  as  a  rule,  the  sound  is  sharper  than  the  normal  third  sound, 
there  are  instances  in  which  its  character  is  very  similar.  Sometimes 
this  "opening  snap,"  as  it  is  called,  is  distinct  in  the  absence  of  a 
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murmur.  This  sound  was  first  noted  by  Sansom,  who  says:'  "It 
is  a  sound  of  tension  (hie  to  the  fii-st  inrush  of  blood  into  the  ventricle, 
such  inrush  being  more  sudden  and  forcible  than  under  normal 
conditions,  from  the  increased  blood  pressure  in  the  left  auricle,  due 
to  the  constriction  of  the  mitral  orifice."  The  sound  is  well  described 
by  Potain:*'*  "After  the  second  sound  of  the  heart  the  diastolic 
silence  begins;  during  this  silence  the  mitral  valve  opens;  the  blood 
passes  from  the  auricle  into  the  ventricle.  Normally  there  is  nothing 
to  indicate  the  succession  of  these  phenomena.  In  mitral  stenosis, 
and  especially  if  the  stenosis  be  of  moderate  degree,  the  mitral  valve, 
through  the  adhesion  of  the  leaflets  at  their  extremities,  is  arrested  in 
the  act  of  opening,  and  at  this  moment  is  thrown  into  a  sudden  ten- 
sion by  the  action  of  the  blood  rushing  through  the  auriculoven- 
tricular  orifice.  This  sudden  tension  determines,  then,  the  sound, 
distinct,  short,  snapping,  which  follows  the  second  sound  of  the  heart 
and  is  of  maximum  intensity  at  the  apex.  These  characteristics 
distinguish  it  from  reduplications  of  the  second  sound,  the  maximum 
intensity  of  which  is  at  the  base.  It  is  through  failure  to  make  this 
distinction  that  certain  authors  have  been  led  to  assert  that  this 
reduplication  is  sometimes  heard  best  at  the  apex.  It  is  evident  that 
in  the  cases  observed  by  them  there  was  a  normal  second  sound  fol- 
lowed by  an  opening  snap.  These  same  characteristics  distinguish 
it  also  from  gallop  rhythm.  The  sound  is  clear;  that  of  gallop 
rhythm,  dull.  .  .  .  From  the  standpoint  of  diagnosis  the  open- 
ing snap  is  a  part  of  the  other  signs  of  mitral  stenosis,  preceding 
always  a  more  or  less  marked  diastolic  rumble." 

Although  Potain's  hypothesis  might  well  explain  the  origin  of  the 
sound  in  rather  highly  developed  constrictions  with  great  thickening 
of  the  valves,  it  is  difficult  to  see  how  it  could  well  apply  to  those 
cases  in  which  there  is  but  moderate  stenosis.  The  valve  here  could 
hardly  be  "arrested  in  the  act  of  opening."  In  many  cases  the  actual 
narrowing  of  the  valve  is  not  verv  great,  although  the  shortening  of  the 
chordae  tendineae  may  be  considerable.  In  the  course  of  diastole  in 
the  normal  heart  it  is  probable  that  with  the  first  rush  of  blood  into 
the  ventricle  and  the  rapid  dilatation  of  its  walls,  the  valves,  borne 
upon  the  entering  blood,  are  brought  rather  suddenly  into  a  position 
at  least  approaching  apposition.    If  then,  as  is  true  in  most  cases  of 


THAYER:    EARLY   DIASTOLIC    HEART    SOUND 


341 


mitral  stenosis,  there  is  a  greater  or  less  shortening  of  the  chordae 
tendinese,  it  would  seem  easily  conceivable  that,  with  the  initial  rush 
of  blood  from  an  engorged  auricle,  the  valves  might  be  arrested  in 
their  upward  course  and  thrown  into  a  tension  sufficient  to  produce 
this  sound.  And  this  moment  would  be  just  that  at  which  the  mitral 
diastolic  murmur  should  begin,  associated  with  the  further  passage 
of  blood  through  the  then  narrowed  orifice. 


Fig.  5. — Cardio-plethysmograni,  riglit  auricular  pressure  and  carotid  pressure  of  a  dog.  It 
will  be  seen  that  the  shoulder  of  the  plethysniograni  (6)  falls  at  a  point  on  the  katacrotic  limb 
of  the  V  wave  (6)  approximately  in  the  same  position  as  in  a  human  being.  The  shoulder  on  the 
katacrotic  limb  of  the  v  wave  is  not  dissimilar  to  the  d  wave  of  Bard.  The  second  shoulder 
immediately  following  6  corresponds  exactly  with  the  base  of  this  wave. 

It  has  seemed  to  me  that  in  some  cases  of  mitral  stenosis  the  open- 
ing snap  followed  the  second  sound  at  a  period  somewhat  earlier 
than  that  at  which  one  ordinarily  hears  the  early  diastolic  sound. 

The  cardiogram  of  mitral  stenosis  with  opening  snap  shows  a  well- 
marked  exaggeration  of  the  protodiastolic  elevation.  We  have  not  a 
sufficient  number  of  satisfactory  tracings  to  justify  tlie  expression  of 


342 


THAYER:   EARLY   DIASTOLIC   HEART  SOUND 


an  opinion  as  to  whether  this  elevation  follows  the  second  sound  more 
closely  than  in  a  normal  cardiogram.  This  was  not  the  case  in  the 
patient  from  whom  the  cardiogram  in  Fig.  6  was  taken.    It  would  be 
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well  worth  while  to  study  the  relation  in  time  of  the  protodiastolic 
elevation  to  the  shoulder  of  the  cardiogram  in  a  series  of  cases  of 
mitral  stenosis. 
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(b)  Protodiastolic  Gallop  Rhythm.  Potain,"  fifteen  or  twenty 
years  ago,  pointed  out  clearly  that  there  were  two  distinct,  princi- 
pally different  forms  of  gallop  rhythm:  the  one  presystolic  in  time, 
the  other  protodiastolic;  the  one  associated  on  the  cardiogram  with 
a  wave  which  immediately  precedes  the  systolic  elevation,  the 
other  associated  with  a  wave  which  follows  closely  upon  the  base  of 
the  katacrotic  limb.  H.  Chauveau^-  and  F.  ]Muller"  have  called 
attention  to  the  fact  that  "these  two  points  in  the  diastolic  part  of  the 
cardiogram,  in  which  higher  waves  are  seen  in  gallop  rhythm,  are 
also  usually  marked  on  the  apex  curve  of  the  normal  heart  by  evident 
but  smaller  elevations;  and  one  must  assume  that  the  larger  waves 
which   distinguish   the   cardiogram  of    gallop  rhythm   represent  a 


Fig.  7. — Cardiogram  and  jugular  tracing  from  a  man,  aged  about  twenty-five  years,  with 
acute  polyarthritis,  showing  a  protodiastolic  gallop  rhythm  and  shock:  o,  a  wave;  c,  c 
wave;  v,  v  wave.  1,  beginning  of  systole;  2,  approximate  end  of  systole;  3,  beginning  of 
early  diastolic  wave;  4,  summit  of  early  diastolic  wave.  Transmission  time  may  be  estimated 
by  measuring  the  period  between  1  and  the  beginning  of  the  c  wave  of  a  jugular  pulse.  The 
V  wave  of  this  tracing  has  a  peculiar  bifid  smnmit.    There  is  no  distinct  h  wave. 

pathological  exaggeration  of  movements  which  are  also  appreciable 
in  the  normal  heart. "^*  Protodiastolic  gallop  rhythm  is  observed  in 
some  dilated  hearts,  especially  in  aortic  insufficiency,  as  well  as  in 
certain  cases  in  which  there  is  reason  to  believe  that  there  are  myo- 
cardial changes,  notably  in  the  course  of  or  just  after  acute  infections, 
as  in  typhoid  fever.*  The  third  sound  occurs  shortly  after  the  second 
at  the  same  period  in  which  the  early  diastolic  sound  is  sometimes 
observed  in  normal  hearts  (Fig.  7). 

*  Further  studies  as  to  the  relations  between  presystolic  and  protodiastolic  gallop  rhj'thm, 
and  especially  concerning  the  clinical  conditions  under  which  each  form  occurs,  are  highly 
to  be  desired. 
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In  aoHic  insufficiency  the  sound  is  often  associated  with  a  well- 
marked  shock  at  the  apex,  a  shock  which  may  frequently  be  accu- 
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rately  timed  by  placing  one  hand  at  the  apex  of  the  heart  and  another 
over  the  pulmonic  valves.  It  then  becomes  possible  to  make  out  the 
1,  2,  3  rhythm  which  is  audible  at  the  apex:  (1)  the  long,  slow. 
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systolic  impulse,  the  so-called  choc  en  dome,  associated  with  the  dull^ 
humming  first  sound  of  aortic  insufficiency;  (2)  the  closure  of  the 
basic  valves,  easily  felt  by  the  hand  in  the  pulmonic  area,  which  is 
synchronous  with  the  feeble  second  sound  heard  at  the  apex,  and  in 
this  area  often  unaccompanied  by  the  early  diastolic  murmur 
audible  over  the  right  ventricle,  at  the  base,  and  in  the  axilla;  (3) 
the  sudden  relaxation  of  the  ventricle,  followed  rapidly  by  a  definite 
shock,  which  is  coincident  with  the  third  sound.  In  some  cases  this 
sound  is  distinct  and  well  defined ;  in  other  instances,  dull  and  thud- 


Fig.  9. — Cardiogram  and  carotid  tracing  from  M.,  a  man  aged  about  forty  years,  with, 
adherent  pericardium,  early  diastolic  sound,  and  shock.  The  onset  of  systole,  if  Anspan- 
nungszeit  and  transmission  time  be  allowed  for,  may  be  seen  to  precede,  immediately,  a 
depression  on  the  cardiogram.  Aortic  closure  with  allowance  for  transmission  time  comes  at 
the  bottom  of  or  just  before  the  bottom  of  the  systolic  depression.  This  is  followed  by  an 
exceedingly  abrupt  elevation,  the  summit  of  which  is  reached  0.16  to  0.17  second  after  the 
aortic  closure.  The  marking  on  the  tracing  which  was  made  to  represent  the  beginning  of 
systole,  i.  e.,  that  preceding  the  line  marked  1,  is  at  least  0.02  too  near  1.  As  much  as  0.10 
should  be  allowed  for  Anspannungszeit  and  transmission.     Time  marked  in  ^q  seconds. 

ding.  Just  about  the  apex  it  is  often  followed,  in  aortic  insufficiency^ 
by  the  humming,  echoing  Flint  murmur.  In  the  axilla,  where  the 
Flint  murmur,  even  if  present  over  the  ventricle,  is  often  absent,  the 
third  sound  frequently  becomes  clear,  giving  rise  to  a  distinct  proto- 
diastolic gallop  rhythm.  In  aortic  insufficiency,  then,  the  sound  varies 
from  a  loud  echoing  rumble  to  a  fairly  well-defined  short  sound,  or  a 
slight  distant  hum  more  appreciable  to  the  ear  as  a  shock  than  as  an 
actual  sound.  In  other  words,  it  is  sometimes  exactly  similar  to  the 
third  sound  heard  in  normal  hearts.     Cardiograms  from  cases  of 
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aortic  insufficiency  with  early  diastolic  sound  and  shock  show  a  well- 
marked  protodiastolic  elevation.  In  the  tracings  from  L.  B.  (Fig.  8) 
it  was  found  that  the  onset  of  the  elevation  occurred  0.15  and  the 
summit  0.22  second  after  the  shoulder  of  the  cardiogram.     On  the 
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venous  tracing  the  protodiastolic  elevation  corresponds  to  a  part  of 
the  katacrotic  limb  of  the  v  wave,  the  summit  occurring  usually 
toward  the  base  of  the  anacrotic  limb  of  an  h  wave,  just  as  was 
observed  in  the  normal  cases. 
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(c)  In  adherent  pericardium  a  third  sound  is  frequently  associated 
with  a  well-marked  shock  occurring  in  early  diastole.  This  shock, 
often  ascribed  to  a  thoracic  rebound,  has  been  shown  by  Brauer^'' 
to  occur  as  well  when  thoracoplasty  has  been  performed.  As  shown 
in  Brauer's  tracings,  the  elevation  on  the  cardiogram  corresponding 
to  the  protodiastolic  shock  may  be  the  most  striking  feature  of  the 
record.  In  Figs.  9  and  10  mav  he  seen  the  cardiogram,  carotid,  and 
jugular  tracings  from  a  case  of  adherent  pericardium  with  proto- 
diastolic gallop  rhythm.  The  period  between  the  second  and  third 
sounds  in  this  case  was  notably  short. 

The  systolic  retraction,  easily  detected  by  the  eye  and  finger,  is 
evident  in  the  tracings.  The  enormous  protodiastolic  elevation 
begins  shortly  after  the  closure  of  the  aortic  valve,  and,  when  allow- 
ance is  made  for  transmission,  is  represented  on  the  venous  tracing 
by  a  marked  fall.  The  summit  of  the  protodiastolic  elevation,  which 
occurs  0.165  second  after  the  dicrotic  notch,  corresponds  to  the  foot 
of  the  anacrotic  limb  of  an  abrupt  and  lofty  elevation  of  the  venous 
pulse. 

If  now  we  consider  that  which  has  gone  before,  the  following 
assertions  appear  to  be  justified : 

1.  In  healthy  young  individuals  a  third  heart  sound  is  often 
audible  in  the  early  part  of  diastole. 

2.  This  sound  is  not  infrequently  associated  with  a  shock  which 
may  be  not  only  palpable,  but  visible. 

3.  The  sound  and  shock  are  evidently  closely  connected  with  the 
protodiastolic  elevation  of  the  cardiogram,  which  was  well  marked  in 
.all  of  our  tracings. 

4.  The  onset  of  this  elevation  occurred,  in  our  tracings,  at  a  period 
about  0.1,  the  summit,  about  0.18  second  after  the  shoulder  of  the 
cardiogram,  or  0.42  and  0.5,  respectively,  from  the  onset  of  systole  in 
a  cardiac  cycle,  the  average  duration  of  which  was  0.914,  i.  e.,  a 
pulse  of  65+. 

5.  The  protodiastolic  elevation  on  the  cardiogram,  when  allowance 
is  made  for  transmission  time,  corresponds  in  time  to  a  part  of  the 
katacrotic  limb  of  the  v  wave  of  the  jugular  pulse,  its  summit  reach- 
ing often  a  point  somewhat  beyond  this. 
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6.  In  five  out  of  six  of  our  cases  the  t)  wave  was  followed  by  an 
elevation  corresponding  to  the  h  wave  of  Hirschfelder  (the  b  elevation 
of  Gibson),  and  on  some  of  our  tracings  the  summit  of  the  proto- 
diastolic wave  would  seem  to  extend  to  a  point  on  the  early  part  of 
the  anacrotic  wave  of  this  elevation. 

7.  The  summit  of  the  protodiastolic  wave  of  the  cardiogram 
appears  to  correspond  closely  in  time,  and  in  its  relations  to  the 
venous  pulse,  with  the  shoulder  on  the  ascending  limb  of  the  cardio- 
plethysmogram,  which  may  be  well  defined  in  some  volume  curves 
of  the  dog's  heart. 

8.  The  phenomena  associated  with  the  early  diastolic  sound  and 
shock  in  normal  individuals  are  apparently  closely  analogous  to,  if 
not  identical  with,  those  observed  in  some  forms  of  protodiastolic 
gallop  rhythm.  The  sound  and  shock  are  similar  in  character  and 
in  time,  and  are  associated  with  like  appearances  on  the  cardiogram 
and  in  the  venous  pulse. 

9.  The  "opening  snap"  in  mitral  stenosis,  although  usually  a 
somewhat  sharper  sound,  may  be  very  similar  in  character  to  the 
normal  third  sound ;  it  occurs  at  much  the  same  period  in  the  cardiac 
cycle — possibly  a  trifle  earlier — and  is  associated  with  a  well-marked 
protodiastolic  elevation  on  the  cardiogram. 

10.  This  third  sound  and  shock  are  not  dissimilar  to  those  observed 
in  adherent  pericardium,  which  are  also  associated  with  a  sharp 
protodiastolic  elevation  on  the  cardiogram.  In  a  striking  example 
of  this  condition  the  protodiastolic  elevation  corresponded,  on  the 
venous  tracing,  to  a  sharp  depression,  the  base  of  which,  the  point 
corresponding  to,  the  summit  of  the  protodiastolic  wave,  was  followed 
by  an  abrupt  rise  in  the  curve. 

In  view  of  these  considerations,  it  is  clear  that  the  early  diastolic 
sound  sometimes  heard  in  normal  hearts  is  an  event  closely  asso- 
ciated with  the  rapid  entrance  of  blood  into  the  ventricles  at  the 
onset  of  diastole.  How  rapid  this  entrance  may  be  is  shown  by  the 
abrupt  ascending  limb  of  some  cardio-plethysmographic  curves. 

Now,  the  association  of  this  sound  with  (a)  the  shock  at  times  felt 
by  the  palpating  hand;  (6)  the  sharp  shoulder  which  may  be  seen 
on  the  plethysmogram ;  (c)  the  presence  in  so  many  of  these  cases  of 
an  h  wave  in  the  jugular  pulse  following,  as  it  does,  immediately  on 
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the  summit  of  the  protodiastolic  wave  of  the  cardiogram;  id)  the 
observations  of  the  dog's  heart  in  which  a  visible  interruption  of  the 
dilatation  of  the  ventricle  was  demonstrable,  would  all  suggest: 

1.  That  at  just  this  period,  early  in  diastole,  some  structure  is 
thrown  into  sufficient  tension  to  produce  audible  vibrations. 

2.  That  there  is,  further,  at  this  period  some  sudden,  slight  tem- 
porary arrest  or  interruption  or  delay  of  the  rapid  dilatation  of  the 
ventricle. 

That  the  sound  is  due  to  vibrations  of  the  chest  wall  is  ruled  out  by 
its  presence  in  the  exposed  dog's  heart,  as  well  as  by  its  presence  in 
the  heart  after  thoracoplasty. 

It  is,  moreover,  fairly  evident  that  the  sound  is  usually  produced  in 
the  left  side  of  the  heart.  It  is,  as  a  rule,  audible  and  palpable  only  at 
or  in  the  immediate  neighborhood  of  the  apex,  while  in  our  thi^e 
cases  in  dogs  it  was  heard  only  over  the  left  ventricle — and  once  in 
the  left  auricle  as  well.  That  a  similar  sound  may  arise  in  the  right 
ventricle  must,  however,  be  admitted. 

What  structures  in  the  left  ventricle  might  be  thrown  into  vibration 
at  this  period?  Einthoven's  suggestion  that  the  third  sound  is  due 
to  late  vibrations  of  the  aortic  valves  corresponding  to  waves  on  the 
katacrotic  limb  of  the  sphygmogram  can  hardly  be  accepted.  The 
character  of  the  sound,  the  position  in  which  it  is  heard,  the  well- 
marked  shock  which  may  accompany  it,  its  various  analogies  with 
sounds  which  are  unquestionably  of  other  origin  are  sufficient, 
it  would  appear,  to  invalidate  this  explanation. 

Several  possibilities  suggest  themselves : 

1.  One  might  fancy  that,  with  the  sudden  entrance  of  a  large 
•quantity  of  blood  from  the  left  auricle  into  the  dilating  ventricle, 
there  is  produced  an  appreciable  impulse  sufficient  to  cause  the 
protodiastolic  wave  of  the  cardiogram;  that,  at  the  same  time,  the 
walls  responding  to  their  sudden  distention  may  offer  a  slight  momen- 
tary elastic  resistance,  being  thrown  at  this  instant  into  vibrations 
of  intensity  sufficient  to  produce  the  early  diastolic  sound.  The  slight 
resistance  offered  at  this  moment  might  account  for  the  centrifugal 
h  wave  of  the  venous  pulse,  a  wave  which  ought  to  be  more  marked 
in  the  pulmonary  veins  than  in  the  jugular. 

This  is  in  some  respects  an  engaging  hypothesis.     It  is  true  that 
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in  this  moment  in  diastole  there  is  a  rise  in  intraventricular  pressure, 
but  it  is  exceedingly  slight.  There  are  also  several  objections  which 
may  be  raised  against  this  idea.  In  the  first  place,  the  character  of 
the  sound  is  often  too  sharp  and  definite  to  be  of  muscular  origin. 
Again,  in  mitral  stenosis,  where,  owing  to  the  nature  of  the  lesion, 
the  first  rush  of  blood  into  the  ventricle  cannot  be  as  great  as  under 
normal  circumstances,  a  closely  similar  sound  and  shock  are  met 
with.*  Moreover,  the  occurrence  of  the  sound  in  the  hearts  of 
patients  suffering  with  or  convalescent  from  febrile  diseases,  as  well 
as  in  one  of  our  experiences  with  a  dog's  heart,  where  it  appeared 
with  apparent  dilatation,  increased  under  vagus  stimulation,  and 
disappeared  on  the  administration  of  strychnine,  suggests  that  the 
appearance  of  the  sound  may  be  favored  by  conditions  associated  with 
a  diminished  tonicity  of  the  heart  muscle.  But  this  would  be  in  con- 
tradiction to  the  hypothesis  of  a  muscular  sound.  For  in  such  con- 
ditions the  resistance  to  the  first  influx  of  blood  should  be  diminished 

Potain'*'  explains  the  analogous  protodiastolic  gallop  rhythm  by 
the  assumption  of  a  suddenly  arrested  diastole,  dependent,  however,, 
on  changes  in  the  heart  muscle.    To  quote  his  words: 

"In  the  different  varieties  of  gallop  rhythm  in  diastole  the  abnor- 
mal sound  always  results  from  the  penetration  of  the  blood  into  the 
cavity  of  the  ventricle.  In  the  normal  condition  this  penetration  is 
unaccompanied  by  any  appreciable  sound,  even  in  conditions  of  great 
circulatory  excitement.  For  a  mass  of  fluid  in  movement  does  not 
produce  a  shock  except  when  it  is  arrested  by  a  sudden  obstacle. 
But  the  obstacle  which  arrests  the  column  of  blood  penetrating  the 
ventricular  cavities  is  the  resistance  of  the  w^all,  and  this  resistance  is 
represented  in  the  normal  heart  by  the  muscular  tonicity  which  gives 
way  progressively.  On  the  contrary,  the  arrest  of  the  column  of 
blood  falling  into  the  cavity  of  the  ventricle  is  brusque,  sudden,  and 
capable  of  producing  a  perceptible  shock  for  the  hand  and  for  the  ear 
whenever,  the  tonic  resistance  of  the  myocardium  being  diminished, 
that  of  the  fibro-connective  elements  in  the  wall  is  thrown  suddenly 
into  action  at  the  moment  when  filling  is  accomplished.    The  state 

*  In  instances  of  flight  mitral  stenosis  the  heightened  auricalar  pressure  might  more  thaa 
compensate  for  the  narrowing  of  the  orifice,  but  the  presence  of  the  sound  in  stenosis  of  a 
fairly  well-marked  degree  could  hardly  be  accounted  for  by  sudden  tension  of  the  ventricular 
walls. 
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of  the  heart  fills  the  conditions  required  to  give  rise  to  gallop  rhythm 
when  its  wall  is  modified  in  such  a  manner  that  the  resistance  of 
these  latter  elements  is  in  excess,  either  because  they  have  prolif- 
erated more  or  less  considerably,  as  takes  place  in  patients  with 
Bright's  disease,  whose  hearts  are  sclerotic,  or  because  the  myo- 
cardium has  rapidly  degenerated,  as  occurs,  for  example,  in  typhoid 
fever.  And  this  explains  why  the  same  phenomena  may  be  the  con- 
sequence of  two  conditions  of  the  heart  as  different  as  the  rigidity 
of  the  nephritic  heart  and  the  extreme  flaccidity  of  the  heart  in  certain 
cases  of  typhoid  fever.  Moreover,  the  fibro-connective  resistance 
of  the  wall  is  brought  more  certainly  into  play  the  nearer  the  heart, 
constantly  dilated,  approaches  the  degree  of  distention  at  which  its 
resistance  comes  into  play.  This  is  the  reason  that  in  certain  patients 
the  gallop  rhythm  appears  as  soon  as  they  take  the  horizontal  posi- 
tion and  the  increased  intracardiac  pressure  brings  about  a  notable 
degree  of  dilatation.  ...  It  will  depend,  therefore,  upon  the 
constant  pressure;  that  is  to  say,  the  more  or  less  considerable  accu- 
mulation of  blood  in  that  part  of  the  venous  system  which  is  near  the 
heart,  and  also  upon  the  more  or  less  complete  evacuation  of  the 
ventricular  cavities,  that  the  diastolic  tension  of  the  walls  occurs 
almost  at  the  beginning  of  diastole  or  only  when  auricular  systole 
comes  into  play,  and  that  the  gallop  is,  therefore,  protodiastolic  or 
presystolic." 

This  hypothesis  is  interesting,  but  difficult  to  prove  and  scarcely 
applicable  to  normal  cases.  Moreover,  it  is  difficult  to  imagine  that 
the  limits  of  distention  are  actually  reached  so  soon.  Although  the 
shoulder  of  the  cardio-plethysmogram,  the  moment  at  which  the 
arrest  in  the  rapidity  of  diastole  occurs,  may  be  very  sharp,  I  have 
never  seen  an  instance  in  which  no  further  dilatation  occurred. 

Again,  the  remarkably  small  limits  of  variation  in  the  time  at 
which  the  normal  third  sound  occurs  would  tend  to  suggest  that,  as 
Miiller  and  Chauveau  hold,  it  depends  on  the  exaggeration  of  a 
normal  phenomenon  rather  than  upon  causes  such  as  those  suggested 
by  Potain. 

2.  Another  possibility  which  presents  itself,  that  which  appears  to 
offer  the  most  reasonable  explanation,  is  that  with  the  first  inrush  of 
blood,  the  mitral  and  tricuspid  valves,  especially  the  former,  borne 
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up  on  the  entering  current  toward  a  position  of  closure,  while  the 
ventricular  walls  are  rapidly  dilating,  may  be  brought  suddenly  into 
a  condition  of  tension  sufficient  to  cause  the  sound  and  shock  and  to 
give  rise  to  the  centrifugal  h  wave.* 

If  this  hypothesis  be  correct,  one  might  expect  to  find  the  sound 
more  frequent  pathologically  in  cases  where,  owing  to  a  diminished 
muscular  tonicity,  the  diastole  is  more  sudden,  or  where,  owing  to  a 
w^eak  heart  muscle,  insufficient  emptying  of  the  ventricle  and  high 
auricular  pressure,  such  an  hypothetical  early  tension  of  the  mitral 
valves  might  be  especially  favored.  But  these  are,  indeed,  conditions 
under  which  protodiastolic  gallop  rhythm  is  common. 

Such  an  hypothesis  might  well  explain  its  appearance  in  adherent 
pericardium  where  dilatation  is  so  common  and  diastole  notably 
rapid,  because  of  the  traction  exercised  upon  the  ventricles  by  the 
adhesions. 

This  explanation  also  applies  peculiarly  well  to  the  similar  phe- 
nomena occurring  in  aortic  insufficiency.  Here  there  is  usually  a 
dilated  ventricle,  often  an  engorged  auricle,  as  well  as  the  added 
element  of  regurgitation  from  the  aorta,  conditions  peculiarly  fitted 
to  produce  an  early  tension  and  closure  of  the  mitral  valves.  And 
here,  indeed,  the  sound  is  often  followed  by  the  slight  vibratory 
murmur  (Flint  murmur)  so  analogous  to  that  of  mitral  stenosis,  in 
all  probability  due  to  fluid  veins  arising  in  the  blood  as  it  passes 
through  the  mitral  orifice. 

It  is  by  exactly  the  same  hypothesis  that  we  have  sought  to  explain 
the  similar  sound  in  mitral  stenosis. 

If  our  hypothesis  as  to  the  valvular  origin  of  the  early  diastolic 
sound  be  true,  one  might,  indeed,  ask  why,  in  cases  of  dilatation  with 
engorgement  of  the  auricle,  the  valves  might  not  be  brought  early 
in  diastole  into  a  position  so  analogous  to  that  which  they  occupy  in 
aortic  insufficiency  as  to  give  rise,  with  the  further  passage  of  blood 
from  auricle  to  ventricle,  to  fluid  veins  sufficient  to  cause  a  slightly 
audible  diastolic  murmur.  But  this  was,  indeed,  true  in  one  of  our 
dogs  where,  at  first,  the  sound  was  followed  by  a  distinct  murmur. 
Again,  as  has  already  been  said,  the  sound  in  a  healthy  human  being 

*  Tliis  hypothesis,  which,  as  wall  be  pointed  out  later  on,  is  essentially  that  of  Gibson,  was 
advanced  quite  independently  of  his  work  and  before  the  appearance  of  his  article. 
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is  sometimes  a  slight  hum,  somewhat  longer  than  the  ordinary 
phenomenon;  and  indications  of  such  a  hum  following  the  sound 
may  sometimes  be  brought  out  if  the  patient  turn  upon  the  left 
side.  In  adherent  pericardium  with  dilated  heart,  slight  mitral 
diastolic  murmurs  without  valvular  disease  have  also  been  de- 
scribed. 

Furthermore,  I  have,  in  one  instance,  met  ^ith  a  third  sound, 
a  diastolic  murmur  in  the  tricuspid  region,  which  could  only  be 
explained  by  such  an  hypothesis.  The  patient  was  a  colored  man 
with  arterio-sclerosis  and  dilated  heart,  but  without  valvular  disease. 
There  was  mitral  and  tricuspid  insufficiency  due  to  dilatation  of  the 
ventricles.  To  quote  one  of  my  own  notes,  made  in  1905:  "In  the 
fifth  space,  in  about  the  parasternal  line,  there  is  heard  a  distinct 
mid-diastolic  murmur.  This  begins  shortly  after  the  second  sound 
with  a  slight  shock  exactly  like  the  opening  snap  of  mitral  stenosis, 
and  runs  at  times  almost  into  the  first  sound.  At  other  times  it 
stops  just  before  it.  It  is  slightly  rumbling,  and  presents  all  the 
characteristics  of  the  murmur  of  mitral  stenosis  with  Flint  murmur. 
It  is  limited  to  an  area  about  the  size  of  the  bell  of  a  stethoscope. 
The  murmur  seems  to  be  more  marked  during  inspiration.  No 
aortic  diastolic  murmur  is  to  be  heard."  This  murmur,  always 
rather  soft,  never  very  intense,  was  heard  throughout  the  last  two 
years  of  tlie  patient's  life.  It  was  limited  to  a  small  area  over  the 
right  ventricle ;  never  audible  at  the  apex.  Its  nature  was  the  subject 
of  much  discussion,  and  the  only  satisfying  explanation  which  was 
reached  was  that  with  diastole,  owing  to  the  dilatation  of  the  ventricle, 
the  tricuspid  valves  were  brought,  with  the  entrance  of  the  first  rush 
of  blood,  into  a  condition  of  tension  causing  the  sound,  and  thereafter, 
owing  to  the  production  of  a  slight  de  facto  stenosis,  the  murmur.  At 
the  necropsy  both  right  and  left  ventricles  were  dilated  and  hyper- 
trophied;  there  were  no  valvular  lesions.  This  is  the  only  instance 
in  which  I  have  observed  such  a  shock  and  sound  limited  to  the 
right  ventricle. 

That  the  phenomenon  is  due  usually  to  events  taking  place  in  the 
left  side  of  the  heart  would  well  explain  the  fact  that  the  h  wave  of  the 
jugular  pulse  is  so  slight  in  some  cases. 

This  hypothesis  is  similar  to  that  hinted  at  by  Hirschfelder"  as  an 
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explanation  of  his  h  wave.*  Henderson^*  also  assumes  that  the 
shoulder  of  the  volume  curve  is  associated  with  the  approximation 
of  the  mitral  valves.  Furthermore,  the  hypothesis  is  almost  exactly 
that  upon  which  Gibson  relies  to  explain  the  sound  heard  in  asso- 
ciation with  his  b  wave.  To  quote  his  words -.^^  "  By  observation  on 
the  excised  heart  it  can  be  seen  that  as  the  ventricular  cavity  fills, 
the  auriculoventricular  valves  float  up  and  close  automatically  when 
the  ventricle  is  full,  and  it  is  easy  to  imagine  that  the  inrush  of  blood 
would  be  followed  by  a  reaction  on  the  ventricular  walls  in  propor- 
tion to  the  momentum  of  the  inrush,  so  that  with  a  rapid  and  full 
stream  the  tightening  of  the  valves  would  be  quick  and  strong,  while 
with  a  slow  stream  the  process  would  be  more  gradual,  yet  in  no  wise 
less  complete.  The  fact  that  this  explanation  necessitates  the  closure 
of  the  valves  before  the  auricular  beat  is  no  objection;  the  amount  of 
force  necessary  to  push  open  the  valves  is  extremely  small,  and  the 
heart  would  be  the  more  rather  than  the  less  efficient  pump  because 
of  the  double  closure  of  the  valves.  The  sequence  of  events  in  the 
diastolic  period  would  then  be  as  follows:  After  the  replacement  of 
the  heart,  which  follows  systole  and  causes  the  v  wave  in  the  jugular 
pulse,  the  blood  flows  into  the  ventricle,  the  valves  float  up,  gradually 
when  the  venous  pressure  is  low,  quickly  when  it  is  high,  and  the 
orifice  closes;  the  auricle  is  now  filled  by  blood  from  the  veins;  it 
contracts  and  forces  the  greater  part  of  its  contents  into  the  moder- 
ately distended  ventricle,  which  then  becomes  fully  so,  the  valves 
close  again  from  the  increase  of  pressure  set  up  in  the  ventricle  by 
the  auricular  contraction;  finally  the  ventricular  contraction  keeps 
the  valves  closed  until  the  end  of  systole." 

If  this  hypothesis  be  correct,  why  should  the  sound  be  heard  in 
some  individuals  and  not  in  others,  and  why  should  it  be  especially 
common  in  young  people?  The  intensity  of  the  sound  is  often  so 
slight — so  near  the  borderland  of  the  audible — that  it  is  not  remark- 
able that  it  is  frequently  missed.  Its  apparent  frequency  in  indi- 
viduals with  a  slow,  full  pulse  would  appear  to  be  in  accordance  with 
the  last-mentioned  hypothesis,  and  the  observation  that  the  sound  is 
sometimes  louder  during  the  slow  beats  of  expiration  may  well  be 

*  Hirschfelder's  suggestion,  it  should  be  said,  relates  to  the  tricuspid,  not  the  mitral  valve. 
The  principle  is,  however,  the  same. 
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accounted  for  by  the  assumption  of  a  higher  auricular  pressure  during 
this  period. 

In  connection  with  the  increased  intensity  of  the  sound  in  the  left 
lateral  decubitus,  it  should  be  noted  that  in  this  position  a  weW- 
marked  systolic  apical  murmur  may  be  brought  out  in  cases  where, 
in  other  attitudes,  the  heart  sounds  are  clear.  If  this  murmur  be 
regarded  as  indicative  of  a  functional  insufficiency  of  the  mitral 
valve,  the  third  sound  may  then  well  be  dependent  on  the  more 
sudden  distention  of  the  ventricle  with  an  increased  quantity  of  blood 
under  higher  pressure. 

There  would,  however,  seem  to  be  no  reason  to  suppose  the  exist- 
ence of  especially  high  auricular  pressure  or  of  diminished  cardiac 
tonicity  in  the  many  healthy  young  people  in  whom  the  sound  is 
heard.  I  have  always  fancied  that  one,  if  not  the  main,  reason  that 
the  sound  was  so  well  heard  in  the  young  was  because  of  the  thinner 
chest  walls,  the  less  voluminous  lungs,  and  the  greater  ease  with 
which  the  heart  can  be  approached. 

3.  There  is  another  possibility  with  regard  to  the  cause  of  this 
sound  which  may  be  simply  mentioned.  Stewart  has  shown  that 
there  is  in  the  normal  heart  an  early  diastolic  contraction  of  the  ring 
of  muscle  just  below  the  aortic  and  pulmonic  valves,  a  contraction 
which  serves  evidently  to  reinforce  the  closure  of  the  arterial  orifices. 
His  work  has  not  yet  been  published,  and  while  one  might  a  friuri 
expect  that  the  sound  associated  with  such  a  contraction,  if  such  a 
sound,  indeed,  there  be,  would  occur  at  a  somewhat  earlier  period, 
and  that  it  would  be  more  appreciable  at  the  base  of  the  heart  than 
at  the  apex,  yet  in  the  absence  of  positive  proof  of  that  which  we  have 
advanced  as  the  most  engaging  hypothesis,  it  may  be  well  to  bear  in 
mind  the  possibility  that  the  contraction  of  the  aortic  ring  may  be  a 
factor  in  the  production  of  the  sound,  however  improbable  it  may 


SUMMARY. 

In  many  healthy  individuals,  especially  in  the  young,  there  is 
audible  at  the  apex  of  the  heart  a  slight  third  sound,  which  occurs 
in  early  diastole  shortly  after  the  second  sound. 

This  sound  is  commoner  with  a  slow  pulse;  it  is  better  heard  in  the 
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recumbent  posture,  and  especially  in  the  left  lateral  decubitus.  It 
is  sometimes  more  clearly  audible  during  expiration. 

The  sound  is  not  infrequently  associated  with  a  shock  which  may 
be  visible  as  well  as  palpable.  The  sound  and  shock  occur  syn- 
chronously with  the  protodiastolic  elevation  of  the  cardiogram,  which 
is  usually  prominent  in  these  cases. 

These  events  cover  a  period  of  time  represented  on  the  jugular 
pulse  by  the  later  part  of  the  katacrotic  limb  of  the  v  wave,  and 
generally  a  part  of  the  anacrotic  limb  of  an  h  (Hirschfelder)  wave 
(6  wave  of  Gibson),  which  is  usually  present  in  these  cases.  This 
period  corresponds  closely  to  that  occupied  by  the  shoulder  of  the 
ascending  limb  of  the  cardio-plethysmogram. 

Conclusive  evidence  as  to  the  cause  of  this  phenomenon  is,  as  yet, 
wanting. 

From  a  consideration  of  the  conditions  obsei-ved  in  normal  indi- 
viduals, together  with  various  apparently  analogous  manifestations 
occurring  in  disease,  we  are  disposed  to  incline  toward  the  hypothesis 
that  the  sound  is  produced  by  a  sudden  tension  of  the  mitral  and, 
perhaps,  at  times,  tricuspid  valves  occurring  at  the  end  of  the  first 
and  most  rapid  phase  of  diastole. 

In  conclusion,  I  wish  particularly  to  thank  my  friend,  Dr.  Eyster, 
of  the  Physiological  Department,  for  valuable  assistance. 
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DISCUSSION. 


Dr.  Augustus  A.  Eshner:  The  phenomenon  that  Dr.  TLayer  has  de- 
scribed is  one  that  early  attracted  my  attention  and  has  always  enlisted  my 
interest.  The  physical  conditions  present  in  the  passage  of  the  blood  from  the 
auricle  to  the  ventricle  are  particularly  well  calculated  to  develop  a  sound  during 
this  period.  We  have  on  one  side  a  cavity  of  considerable  caliber,  and  upon  the 
other  side  a  cavity  of  still  larger  caliber,  separated  by  a  septum  in  which  there  is 
an  orifice  of  smaller  caliber,  and  it  has  appeared  to  me  that  these  conditions 
provided  admirably  for  the  generation  of  a  sound.  Ordinarily  no  sound  is 
heard,  but  at  times  a  vibration  becomes  audible  to  the  examining  ear,  in  accord- 
ance with  the  varying  conditions  present.  For  example,  if  the  wall  of  the  auricle 
for  one  reason  or  another  undergoes  hypertrophy,  or  the  cavity  of  the  auricle 
becomes  enlarged,  or  if  a  similar  change  takes  place  in  the  ventricle,  or  if  the 
force  of  the  heart  be  increased,  the  sound  may  become  apparent,  whereas  pre- 
viously it  had  escaped  observation.  I  think  the  inference  that  I  have  proffered 
is  borne  out  somewhat  by  the  variability  or  inconstancy  of  the  presystolic  murmur. 
It  is  a  perfectly  familiar  fact  that  a  heart  presenting  at  one  time  a  characteristic 
presystolic  murmur  will  at  some  other  time,  under  more  favorable  conditions, 
fail  to  present  such  a  murmur,  although  the  characteristic  rhythm,  shock,  and 
other  phenomena  that  attend  obstruction  at  the  mitral  orifice,  are  present.  I 
think  the  explanation  of  this  variability,  this  lack  of  constancy,  in  the  presence 
of  murmurs  in  association  wuth  mitral  obstruction,  must  find  exactly  the  same 
explanation  as  will  the  presence  or  the  absence  of  the  murmur  that  Dr.  Thayer 
has  described  in  conditions  in  which  there  is  no  evidence  of  valvular  lesion  of 
the  heart. 

Dr.  Thayer:  One  of  the  conditions  in  which  an  analogous  sound  is  heard 
in  early  diastole — a  condition  w^hich  is  familiar  to  all,  is  met  with  in  some  cases 
of  aortic  insufficiency.  In  such  cases,  if  one  listens  at  the  apex  of  the  heart, 
one  hears  a  dull  first  sound,  often  unassociated  with  a  murmur,  then  a  second 
sound  without  diastolic  murmur,  although  a  diastolic  murmur  may  be  well 
heard  a  little  inside  or  a  little  outside  of  this  point,  and  then  a  thud  in  early 
diastole,  making  a  characteristic  protodiastolic  gallop.  Their  sound  is  appar- 
ently the  same  as  that  heard  in  these  normal  cases.  It  initiates  the  so-called 
Flint  murmurs  when  this  sound  is  present. 
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The  introduction  of  the  two  reactions  with  which  this  paper 
deals  should  go  far  toward  establishing  a  common  platform  for  the 
advocates  and  opponents  of  the  tuberculin  test  as  a  diagnostic 
measure. 

As  with  most  new  tests,  these  seem  likely  to  suffer  from  over- 
enthusiasm,  on  the  one  hand,  and  carelessness,  indifference,  and 
hasty  negation  on  the  other. 

If,  by  the  instillation  of  a  dilute  solution  of  tuberculin  into  the  eye, 
or  the  use  of  a  pure  or  dilute  tuberculin  by  the  scarification  method^ 
one  may  obtain,  without  reaction  in  infected  areas,  results  compar- 
able to  those  achieved  by  the  original  (liypodermic)  method,  he  must 
admit  that  the  new  tests  represent  a  genuine  advance.  Nor  need 
one  be  unduly  depressed  if  the  results  obtained  are  not  pathogno- 
monic, provided  that  the  reactions  show  a  minimum  of  error  and 
afford  good  ground  for  confidence  in  the  diagnostic  and  prognostic 
significance  of  negative  findings.  The  fact  that  many  observers 
have  promptly  condemned  the  test  because  of  its  well-known  minor 
uncertainties  shows  the  fatal  tendency  on  the  part  of  many  of  our 
profession  to  demand,  of  new'  diagnostic  procedures,  a  degree  of 
decisiveness  wholly  lacking  in  and  seldom  expected  of  the  thera- 
peutic side. 

This  paper  has  been  written  from  a  purely  clinical  standpoint, 
with  the  purpose  of  assisting  the  practitioner  in  some  small  measure 
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to  arrive  at  a  conclusion  as  to  the  real  diagnostic  and  prognostic 
value  of  the  tests  when  made  in  the  simplest  way,  and  but  once  in 
the  same  individual. 

We  have  used  throughout  a  1  per  cent,  solution  of  old  tuberculin, 
or  the  Parke  Davis  wafer  for  the  conjunctival  reaction  (Wolff- 
Eisner),  and  the  undiluted  old  tuberculin  for  the  vaccination  test 
(v.  Pirquet).  Due  care  has  been  taken  to  avoid  the  use  of  the  first- 
named  test  in  eyes  which  might  be  damaged  through  excessive 
reaction,  and  in  making  the  second  a  control  point  was  in  every  case 
scarified,  and  both  areas  carefully  protected.  The  skin  having  been 
cleansed  with  ether,  a  very  small  drop  of  tuberculin  was  placed  upon 
it,  and  slight  scarification  carried  out  through  the  drop  in  situ.  In 
this  test  we  have  not  found  it  necessary  to  use  the  Impfbohi-er  of  v. 
Pirquet  or  any  special  instrument,  and  have  made  infiltration  around 
the  area  treated  the  test  of  reaction.  In  all  cases  both  tests  have 
been  made  simultaneously,  and  the  relative  constancy  and  intensity 
of  reaction  noted.  Owing  to  the  abundant  evidence  obtainable 
in  the  literature  concerning  the  relative  infrequency  of  reaction  in 
the  case  of  very  young  children  and  nurslings,  we  have  almost  entirely 
confined  our  tests  to  individuals  above  the  age  of  eight  years,  and  we 
have  not  attempted  to  summarize  or  review  in  this  paper  the  volumi- 
nous literature  already  available  in  French,  German,  and,  to  a  less 
extent,  English. 

Our  table  permits  the  following  analysis:  83  cases  were  tested. 
Evidence  of  past  or  present  tuberculosis  was  found  in  42 ;  evidence  of 
past  or  present  tuberculosis  was  absent  in  40;  1  case  was  doubtful. 

Of  the  42  cases  showing  reactions,  the  Wolff-Eisner  test  was  pres- 
ent in  34,  absent  in  5;  the  v.  Pirquet  test  was  present  in  40,  absent  in 
2;  both  tests  were  present  in  36.  Of  the  cases  in  which  the  Wolff- 
Eisner  test  was  absent  or  faint,  4  were  terminal  cachexias.  Both 
were  absent  in  but  one  instance,  viz..  No.  56,  a  case  of  terminal  pul- 
monary tuberculosis. 

In  40  cases  where  other  evidence  of  tuberculosis  was  lacking  the 
ocular  test  was  present  in  3,  the  v,  Pirquet  in  5;  both  were  present 
in  3,  and  in  one  case  the  ocular  test  was  not  applied. 
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Further  Classification  of  Cases.  In  21  of  the  83  cases 
tuberculosis  was  known  to  be  present.  In  15  it  was  suspected,  and  in 
47  it  was  unsuspected.  Among  the  21  known  cases  all  gave  one  or 
both  reactions  distinctly,  except  4  in  the  stage  of  terminal  cachexia 
mentioned  above.  In  the  15  cases  of  suspected  tuberculosis  8  gave 
positive  reactions  to  one  or  both  tests,  6  were  negative,  and  1  was 
untested.  In  the  47  cases  where  tuberculosis  was  entirely  unsus- 
pected the  reactions  were  present  and  aided  in  the  diagnosis  of 
probable  past  or  present  tuberculosis  in  15  instances.  No  evidence 
was  afforded  in  32. 

A  great  majority  of  the  cases  observed  were  derived  from  public 
serv'ices,  and  all  reactions  of  proper-time  incidence  were  included, 
even  though  they  were  slight.  These  facts  doubtless  explain  the 
relatively  large  number  of  positive  reactions. 

The  ninnber  of  observed  cases  is  small,  and  many  opportunities 
for  erroneous  inference  appear,  yet  the  following  conclusions  seem  to 
be  justified  by  the  current  literature  and  by  our  personal  experience. 

(a)  The  reaction  is  comparable  and  probably  runs  parallel  to  the 
old  injection  test,  inasmuch  as  the  percentage  of  reactions  closely 
approximates  that  obtained  by  Beck  and  others  using  the  older 
method.  No  rise  in  temperature  or  other  symptoms  of  a  general 
nature  were  observed,  despite  the  fact  that  pure  tuberculin  was  used 
in  the  vaccination  test. 

(6)  The  two  tests  run  more  nearly  parallel  than  the  reports  of 
Wolff-Eisner  and  others  would  indicate. 

(c)  The  V.  Pirquet  is  the  more  reliable  and  less  subject  to  acci- 
dental error  throuo-h  fortuitous  irritation. 

(d)  Both  active  and  arrested  tuberculosis  reacts  to  the  tests. 

(e)  The  more  vigorous  reactions  seem  to  indicate  greater  individual 
resisting  power,  and  have  a  certain  prognostic  value. 

(/)  The  late  reaction  is  more  common  in  arrested  tuberculosis. 

(g)  The  advanced  cases  with  low  resisting  power  afford  a  slight 
reaction  or  none  at  all.  Some  show  the  transient  slight  reaction 
reported  by  Wolff-Eisner. 

(h)  The  positive  reactions  in  general  clinical  cases  are  so  numerous 
as  oftentimes  to  be  merely  suggestive  and  retrospective. 

(i)  The  value  in  negation  is  extremely  great  and  of  high  clinical 
utility. 
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(y)  The  method  of  v.  Pirquet  seems  to  be  wholly  free  from  danger,, 
but  a  sufficient  number  of  bad  results  from  the  conjunctival  test 
have  been  reported  to  justify  caution  in  its  use. 

(k)  The  absence  of  localizing  reaction  signs,  such  as  occur  in  the 
old  tuberculin  test,  is  more  than  compensated  for  by  the  lesser  risk 
involved. 

(/)  Relatively  few  cases  react  which  do  not  show  reasonably  good 
evidence  of  past  lung  involvement,  especially  apex  retraction  as 
determined  by  Kronig's  method. 

{m)  The  tests  are  worthy  of  and  adapted  to  general  use,  but  only 
with  a  full  knowledge  and  appreciation  of  their  limitations. 

It  should  be  said  in  conclusion  that  the  method  of  Moro^  appears 
to  be  quite  as  reliable  as  the  conjunctival  test,  has  the  advantage 
of  entire  absence  of  complications,  and,  furthermore,  is  less  enlight- 
ening to  a  nervous  patient  than  the  vaccination  test. 

'  A  pea-sized  portion  of  a  50  per  cent,  salve  consisting  of  alt-tuberculin  rubbed  up  in  dehy- 
drated lanolin  is  rubbed  into  the  skin  of  the  upper  chest  or  other  regions.  A  space,  5  cm.  in 
diameter,  is  thus  treated  and  allowed  to  remain  uncovered  for  about  ten  minutes.  Reaction 
signs  in  the  form  of  papules  in  varying  numbers,  with  or  without  cutaneous  erythema,  should 
appear  after  a  period  varying  from  a  few  hours  to  one  or  two  days.  Moro  distinguishes  three 
grades,  viz:  (1)  Weak;  (2)  moderately  strong;  (3)  strong. 
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When  we  decided  to  investigate  the  relative  and  individual  merits  of 
the  newer  methods  of  diagnosing  tuberculosis,  the  literature  did 
not  contain  the  almost  innumerable  reports  upon  these  procedures 
that  are  current  today.  But  we  feel  that  this  in  no  sense  detracts 
from  whatever  merit  this  communication  may  have,  since  we  are 
now  enabled  not  only  to  report  upon  the  results  of  our  own  investi- 
gations, but  also  to  point  out  their  relationship  to  the  work  which 
has  already  been  done,  which  may  add  something  in  the  general 
consensus  to  the  clearing  up  of  this  undeveloped  question.  The 
tests  which  we  have  applied  have  been : 

L  The  conjunctival  test  of  Calmette  and  Wolff-Eisner  m  158 
cases. 

.  2.  The  scarification  test  of  Von  Pirquet  in  159  cases  (using  both 
human  and  bovine  tuberculin  in  24  cases). 

3.  The  ointment  test  of  ^loro  in  154  cases. 

4.  The  subcutaneous  test  in  85  cases  in  confirmation  of  the  others. 

Preparation  of  the  Tuberculins.  It  has  seemed  to  us  very- 
important  to  point  out  that  all  of  the  solutions  which  we  have  used  in 
carrying  out  these  tests  have  been  prepared  in  one  laboratory  by  the 
same  method,  and  in  order  to  make  our  results  of  value  in  comparison 
with  others,  to  express  briefly  the  method  of  preparation  of  our 
various  solutions. 


36o  HAMILL,    CARPENTER,    COPE:   TUBERCULIN   TESTS 

Preparation  of  Tuberculin  Original  "T.O."  (Koch's  old  tuberculin), 
A  culture  of  the  human  type  of  the  tubercle  bacillus  was  grown  at 
incubator  temperature  on  glycerin  l)eef  broth  for  a  period  of  from 
six  to  eight  weeks,  or  until  the  culture  had  covered  the  entire  surface 
of  the  medium.  The  flasks  containing  the  cultures  were  then  placed 
in  a  steam  sterilizer  for  three  hours,  after  which  they  were  removed 
and  the  contents,  including  the  growth  of  the  tubercle  bacillus  and 
the  beef  broth,  poured  into  a  common  vessel.  This  material  was 
then  sterilized  in  streaming  steam  for  another  period  of  two  hours, 
it  being  considered  that  this  prolonged  exposure  of  the  organisms  to 
the  streaming  steam  has  some  value  in  extracting  the  intracellular 
product  of  the  tubercle  bacillus.  The  organisms  were  then  removed, 
first  by  filtration  through  paper,  and  afterward  by  double  filtration 
through  a  Berkefeld  filter  of  the  fine  floir.  The  filtrate,  which  con- 
tained the  toxins  which  had  been  liberated  during  the  growth  of 
the  organism,  as  well  as  those  extracted  during  the  period  of  sterili- 
zation, was  then  evaporated  over  a  water  bath  to  one-tenth  its 
original  volume.  This  evaporated  tuberculin  was  again  passed 
through  a  Berkefeld  filter,  placed  in  bottles,  and  sterilized  by  the 
intermittent  method. 

For  the  bovine  tests,  the  tuberculin  was  prepared  in  the  same  way, 
substituting  the  bovine  for  the  human  culture. 

Preparation  of  the  Tuberculin  Precipitate  ("J". P.")  for  the  Con- 
junctival Reaction.  Two  volumes  of  95  per  cent,  alcohol  were 
placed  in  a  tall  cylinder,  and  to  this  was  slowly  added  one  volume 
of  concentrated  tuberculin  original.  As  soon  as  the  precipitate, 
which  forms  early,  had  settled  to  the  bottom  of  the  cylinder,  the 
supernatant  liquid  was  decanted  and  the  precipitate  collected  on  a 
hard  filter  with  the  aid  of  a  suction  pump.  It  was  afterward  washed 
with  70  per  cent,  alcohol  until  the  filtrate  ran  clear.  It  was  dried 
in  vacuo  over  sulphuric  acid  until  perfectly  dry,  when  it  was  broken 
up  in  a  mortar  into  fine  powder.  This  powder  was  then  dissolved 
in  normal  saline  solution  to  whatever  strength  was  desired. 

Preparation  of  the  Tuberculin  Ointment.  Equal  parts  by  weight 
of  tuberculin  original  and  anhydrous  lanolin  were  mixed  together  as 
follows:  The  lanolin  was  heated  in  a  mortar  until  liquid.  The 
mortar  was  then  placed  in  an  ice  pack  and  the  tuberculin  slowly 
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added,  stirring  vigorously  with  the  pestle  until  the  entire  mass  had 
become  solidified.  In  this  manner,  an  even  distribution  of  the 
tuberculin  throughout  the  lanolin  was  obtained. 

For  use  in  the  conjunctival  test,  the  tuberculin  was  put  up  in 
small,  sealed  capillary  glass  tubes,  after  the  well-known  form  used 
for  vaccine  containers,  each  tube  containing  three  drops  of  the 
strength  solution  desired.  The  purpose  in  having  three  drops  in 
each  tube  is  to  enable  the  operator  to  remove  one  drop  to  wash  away 
the  possible  spicules  of  glass  which  might  adhere  to  the  tube,  the 
second  drop  being  mstilled,  and  the  third  remaining  behind  to  pre- 
vent the  forcing  out  of  any  spicules  of  glass  which  may  have  come 
from  the  other  end  of  the  tube. 

The  solutions  used  for  the  cutaneous  test  were  put  up  in  bulk,  as 
was  also  the  tuberculin  ointment. 

Strength  of  Solutions  Used.  In  the  application  of  the  eye  test  we 
have  used  a  0.5  per  cent,  strength  in  the  great  majority  of  cases. 
Occasionally,  m  the  application  of  a  second  test,  to  the  original 
control  eye,  we  used  a  1  per  cent,  strength;  in  a  small  group  of  older 
children  we  used  a  0.75  per  cent,  solution,  while  in  children  under 
two  years  of  age  we  used  a  0.3  per  cent,  solution.  A  10  per  cent, 
solution  of  tuberculin  original  was  used  in  the  scarification  tests, 
both  human  and  bovine,  and  a  50  per  cent,  strength  in  the  ointment 
tests. 

Technique.  Eye:  The  rubber  bulb  was  slipped  over  the  end  and 
placed  in  the  middle  of  the  capillary  tube,  after  w^hich  both  ends  of 
the  tube  were  wiped  off  with  alcohol  and  the  ends  broken  by  the 
fingers  covered  with  sterilized  cotton,  after  which  the  bulb  was 
placed  in  its  proper  position.  The  history  of  the  patients  as  to  pre- 
vious eye  conditions  having  been  ascertained,  the  eyes  were  inspected, 
to  eliminate  inflammatory  lesions,  and  notes  recorded  descriptive 
of  the  general  appearance.  The  lower  lid  of  one  eye  (the  other 
serving  as  a  control)  was  then  drawn  downward  and  one  drop  of 
the  solution  placed  in  the  lower  inner  portion  of  the  conjunctiva. 
The  lid  was  held  in  this  position  until  the  solution  was  well  diffused 
throughout  the  conjvmctival  sac. 

Scarification.  After  the  thorough  cleansing  of  the  upper  arm 
with  soap  and  water,  followed  by  alcohol,  three  minute  scarifications, 
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just  deep  enough  to  produce  slight  redness  without  drawing  blood, 
were  made  at  distances  of  about  5  cm.  from  each  other  in  the  length 
of  the  arm.  One  drop  of  the  10  per  cent,  solution  was  then  placed 
on  each  of  the  upper  and  lower  areas,  by  means  of  a  sterile  dropper. 
To  the  middle  scarification,  which  served  as  a  control,  nothing  was 
applied  in  the  earlier  cases,  while  in  the  latter  groups  one  drop  of 
the  same  solution,  minus  the  tuberculin,  was  used.  The  solutions 
were  then  rubbed  carefully  into  the  scarifications  for  a  few  moments, 
after  which  the  arm  was  exposed  until  the  solutions  had  dried. 

Ointment  Test  of  Moro.  The  directions  of  its  originator  were 
followed  in  its  application.  After  carefully  inspecting  and  recording 
the  appearance  of  the  abdominal  surface,  and  without  any  pre- 
liminary treatment  of  the  abdomen,  there  was  applied,  either  to  the 
epigastric  region,  or,  more  frequently,  to  the  submammary  region, 
about  15  grains  of  the  ointment.  AYith  a  rubber  finger  cot  or 
rubber  glove  the  ointment  was  gently  rubbed  into  a  circular  area  of 
from  6  to  7  cm.  diameter  for  forty-five  seconds.  Over  another 
area  on  the  abdomen  the  same  lanolin  as  that  used  in  the  combined 
ointment  was  applied  in  the  same  manner  to  serve  as  a  control. 
The  surfaces  were  then  exposed  to  the  air  for  twenty  minutes.  The 
ointment  was  not  removed  and  no  protective  dressing  was  applied. 

As  our  purpose  was  to  determine  the  degree  of  uniformity  of  the 
various  reactions,  we  used  practically  the  same  dosage  for  all  cases 
and  the  same  technique  in  their  application  throughout  our  work. 
We  believe,  however,  that  much  smaller  doses  will  yield  equally 
satisfactory  results,  and  that  variations  in  the  method  of  applying 
the  scarification  and  ointment  tests  may  be  used  advantageously. 
We  are  convinced,  from  the  use  of  these  latter  tests,  in  cases  not 
included  in  this  group,  that  a  smaller  scarification  for  the  cutaneous 
test  and  a  less  prolonged  exposure  after  the  application  of  the  tuber- 
culin is  advisable,  and  that  the  removal  of  the  excess  of  the  ointment 
at  the  end  of  twenty  minutes  will  limit  the  reaction  to  a  smaller  area, 
in  that  it  will  avoid  the  spreading  of  the  ointment  when  the  clothing 
is  replaced. 

The  Reaction.  The  principle  of  the  reaction  resulting  from 
the  application  of  these  tests  is,  of  course,  the  same  in  all.  AMien  an 
individual  develops  tuberculosis,    there  occurs  a  hypersensitiveness 
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of  his  tissiie  cells  to  the  poisons  of  the  tubercle  bacillus,  a  condition 
for  which  Von  Pirquet  has  suggested  the  term  "allerge"  (allergistic 
reaction);  that  is,  the  altered  reaction  which  the  human  organism 
shows  to  microorganisms  or  substances  with  which  it  is  already 
acquainted — a  reaction,  in  other  words,  in  an  organism  with  an 
acquired  immunity.  When,  therefore,  the  tuberculin  solutions  are 
brought  in  contact  with  the  various  portions  of  the  body,  these 
reactions  manifest  themselves  by  the  phenomena  about  to  be 
described. 

When  a  drop  of  tuberculin  solution  is  instilled  into  the  eye  of  an 
immunized  individual,  in  from  four  to  twenty-four  hours  there 
occurs  an  injection  of  the  palpebral  conjunctiva,  semilunar  fold, 
caruncle,  and  orbital  conjunctiva,  which  varies  in  intensity  in 
different  individuals,  is  usually  attended  by  lacrymation  and 
moderate  fibrinous  or  fibropurulent  exudation,  which  may  go  on 
to  profuse  suppuration,  attended  by  very  marked  swelling  of  the 
external,  as  well  as  of  the  internal,  tissues  of  the  eye.  This  condition 
ordinarily  reaches  its  maximum  in  from  twenty-four  to  forty- eight 
hours,  after  which  it  gradually  fades,  its  final  complete  disappearance 
bearing  definite  relationship  to  the  severity  of  the  reaction. 

Following  the  application  of  the  scarification  test,  in  from  five  to 
twenty  hours  there  develops,  immediately  adjacent  to  the  scar,  a 
pinkish  areola,  which  rapidly  extends  in  an  outward  direction  until 
its  maximum  is  reached  (from  twenty-four  to  seventy-two  hours), 
at  which  time  there  usually  exists  a  central  deep  pink  zone  of  varying 
diameter,  surrounded  by  a  pale  pink,  indefinitely  marginated  area, 
generally  more  or  less  circular  in  shape.  The  central  zone  is  elevated 
and  indurated,  and  in  the  severer  reactions  may  be  covered  with 
minute  vesicles,  which  occasionally  coalesce.  This  cutaneous  reac- 
tion persists  for  varying  periods  of  time — from  four  to  five  days  to 
two  weeks — depending  upon  its  degree  of  severity. 

The  reaction. to  the  ointment  test  manifests  itself  by  the  develop- 
ment, in  from  ten  hours  to  three  days,  of  a  papulovesicular  eruption 
at  the  site  of  application,  and  may  vary  in  the  number  of  papules  from 
one  to  several  hundred.  The  appearance  of  the  eruption  is  charac- 
teristic, the  most  minute  papules  having  a  vesicular  appearance,  a 
pinkish  color,  and  an  erythematous  areola.     The  papules  vary  in 
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diameter  from  0.5  to  3  or  4  mm.,  the  erythematous  areola  sometimes 
measuring  from  6  to  8  mm.  In  the  more  profuse  eruptions  these 
areolae  mav  coalesce,  giving  a  more  or  less  pinkish  hue  to  the  entire 
area.  In  its  severer  types  it  usually  persists  for  a  week  or  ten 
days,  after  which  the  pigmented  appearance  may  persist  for  sev- 
eral weeks,  finally  disappearing  by  a  process  of  desquamation. 

In  describing  the  physical  characteristics  of  these  reactions,  for 
the  sake  of  clearness  and  uniformity  we  have  indicated  three  degrees 
for  each,  between  which  extremes  we  are  enabled  to  classify  all  of  our 
cases.  In  this  classification  we  have  followed  closely  the  suggestion 
of  Baldwin  for  the  eye  test,  and  have  used  for  the  expression  of  these 
various  degrees  the  single,  double,  and  triple  plus  marks  which  he 
has  recommended. 

In  the  intrepretation  of  the  eye  reaction,  our  single  plus  mark 
indicates  all  manifestations,  from  a  moderate  redress  of  the  inferior 
palpebral  conjunctiva,  or  of  the  semilunar  fold,  or  the  caruncle,  up 
to  a  fairly  marked  injection  of  all  these  tissues,  with  or  without 
slight  lacrymation  or  fibrinous  exudation.  The  double  plus  mark 
covers  the  cases  in  which  there  occurs,  in  addition  to  the  above,  mild 
capillary  injection  of  the  orbital  conjunctiva,  giving  rise  to  a  pinkish 
hue,  some  swelling  of  the  caruncle,  semilunar  fold  and  palpebral 
conjunctiva,  attended  with  lacrymation  and  fibrinous  or  fibrino- 
purulent  discharge.  The  triple  plus  mark  indicates  all  grades  of 
reaction,  from  the  foregoing  up  to  the  most  severe,  as  described  in 
the  above  general  description  of  the  eye  reaction. 

In  the  description  of  the  cutaneous  reaction  the  single  plus  mark 
indicates  any  degree  of  hyperemia  up  to  a  diameter  of  10  mm. 
The  double  plus  mark  indicates  all  degrees  of  hyperemia  having 
diameters  of  from  10  to  20  mm.,  and  the  triple  plus  mark  all  reac- 
tions having  diameters  of  more  than  20  mm. 

In  the  case  of  the  ointment  reaction,  the  single  plus  mark  indicates 
an  eruption  of  from  1  to  20  papules;  the  double  pjus  mark,  from 
20  to  50  papules;  and  the  triple  plus  mark,  50  or  more  papules. 

Material  Used.  Practically  all  of  our  cases  were  under  eight 
years  of  age,  and  all  but  26  of  them  were  inmates  of  St.  Vincent's 
Home,  an  institution  with  a  population  of  about  400,  composed 
of  foundlings,  orphans,  and  destitute  children.     The  cases  in  the 


HAMILL,    CARPENTER,    COPE:   TUBERCULIX   TESTS  371 

Home  were  tested  routinely  by  wards,  irrespective  of  the  con- 
ditions they  were  suffering  from,  and  in  the  great  majority  of 
instances  without  any  knowledge  of  their  physical  condition  prior 
to  or  at  the  time  the  tests  were  applied.  ^Ye  purposely  deferred 
the  physical  examination  of  these  children  until  after  the  tests  had 
been  applied,  for  two  reasons:  first,  in  order  to  be  unbiassed  in  our 
interpretation  of  the  results;  and  second,  in  order  to  make  ourselves 
especially  vigilant  in  searching  for  tuberculous  lesions  in  those  who 
reacted.  We  had  the  children  under  absolute  control  throughout 
the  entire  period  that  the  tests  were  being  made,  a  special  nurse 
having  been  employed  for  their  exclusive  care. 

The  following  tables,  which  record  our  results,  are  self-explan- 
atory. 

Summary  of  Tables.  In  addition  to  the  cases  designated  in  the 
followmg  tables,  we  have  applied  the  tests  to  17  infants,  ranging  in 
age  from  four  weeks  to  five  months.  All  three  tests  were  applied 
to  6  of  them,  the  scarification  test  to  all,  and  the  ointment  to  but  14. 
Inflammatory  conditions  of  the  eye  and  eruptive  conditions  of  the 
abdomen  interfered  with  the  application  of  the  eye  and  omtment 
tests  to  the  entire  group.  The  results  were  entirely  negative. 
Tuberculosis  was  not  suspected  in  any  of  the  cases,  and  in  about 
half  of  them  the  condition  of  nutrition  was  fair;  m  the  remainder, 
poor.  Of  the  134  cases  resident  in  St.  Vincent's  Home,  95  were 
clinically  non-tuberculous;  27  had  suspicious  signs  of  either  pul- 
monary or  glandular  tuberculosis;  and  12  were  definitely  tuber- 
culous. Of  the  95  clinically  non-tuberculous  cases,  59,  or  62.1  per 
cent.,  reacted.  Of  the  27  suspicious  cases,  23,  or  85.1  percent.,  and 
of  the  12  tuberculous,  all,  or  ICO  per  cent. 

Of  the  26  cases  outside  of  St.  Vincent's  Home,  15  were  clinically 
non-tuberculous,  1  suspicious,  and  10  tuberculous.  Of  the  clini- 
cally non-tuberculous  cases,  5,  or  33^  per  cent.,  reacted.  The  one 
suspicious  case  failed  to  react,  and  of  the  10  tuberculous  cases,  9, 
or  90  per  cent.,  reacted.  The  one  suspicious  case  in  this  latter  group 
was  probably  tuberculous  meningitis,  and  was  tested  within  the  last 
twenty-four  hours  of  life,  and  the  one  tuberculous  case  which  failed 
to  react  had  advanced  pulmonary  tuberculosis  and  was  anemic  and 
emaciated. 
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Taking  the  two  groups  together,  there  were  110  dinically  non- 
tuberculous,  28  suspicious,  and  22  tuberculous.  Of  the  clinically 
non-tuberculous,  64,  or  58.2  per  cent.,  reacted  positively;  of  the 
suspicious  cases,  23,  or  82.1  per  cent.,  reacted  positively;  and  of  the 
tuberculous  cases,  21,  or  95.4  per  cent.,  reacted  positively. 

If  to  these  groups  are  added  the  17  infants  which  were  non- 
tuberculous  clinically,  and  all  of  which  failed  to  react,  the  only 
change  that  occurs  is  in  the  non-tuberculous  column,  in  which  the 
percentage  of  positive  reactions  is  reduced  from  58.2  to  51.2  per  cent. 

One  thing  that  is  especially  noticeable  in  these  results  is  the  high 
percentage  of  positive  reactions  among  the  inmates  of  St.  Vincent's 
Home.  This  result  is  in  no  sense  surprising,  since  the  institution  is 
enormously  overcrowded,  and,  initil  very  recently,  from  the  early 
winter  until  the  late  spring,  its  inmates  have  been  housed  with  the 
windows  closed  and  the  wards  sometimes  overheated  and  sometimes 
underheated,  depending  largely  upon  the  external  temperature. 
Scattered  throughout  the  various  wards  there  are  a  number  of 
definitely  tuberculous  children  and  a  fairly  large  number  of  cases 
suspicious  of  tuberculosis,  which  would  act  as  especially  effective 
foci  in  a  community  of  individuals  with  as  marked  lowering  of  the 
general  nutrition  as  these  children  show. 

Observations  of  Reactions.  Following  in  the  footsteps  of 
others,  we  studied  our  earlier  cases  from  hour  to  hour,  to  determine 
the  time  of  beginning,  the  maximum  point  of,  and  the  length  of  dura- 
tion of  the  reactions,  but,  finding  that  there  was  nothing  to  be  gained 
from  these  frequent  observations,  we  later  abandoned  them.  We 
are  satisfied  if  observations  are  made  at  the  end  of  twelve  hours, 
tw^enty-four  hours,  and  forty-eight  hours;  and  after  this  time  the 
cases  are  kept  under  general  supervision,  that  no  reactions  will  be 
overlooked  and  all  essential  information  will  be  obtained.  The 
mildest  cutaneous  and  ointment  reactions  will  never  be  missed,  and 
we  have  never  observed  an  eye  reaction  which  did  not  persist  long 
enough  to  be  discovered  during  such  observation  periods. 

Nevertheless,  even  in  our  later  cases,  we  had  observations  made 
at  fairly  frequent  intervals,  in  order  to  get  a  general  idea  of  the 
course  of  the  various  reactions.  The  earliest  onset  of  the  conjunc- 
tival reaction  occurred  two  and  one-half  hours  after  instillation,  and 


HAMILL,    CARPENTER,    COPE:   TUBERCULIN   TESTS  389 

the  latest  forty-eight  hours.  In  2  cases  the  onset  of  the  cutaneous 
reaction  occurred  five  hours  after  its  apphcation,  and  in  2  cases  it 
did  not  appear  until  the  forty-eighth  hour.  The  earliest  onset  of 
the  ointment  reaction  was  ten  hours  after  it  was  applied,  and  the 
latest  seventy-three  hours. 

The  earliest  maximum  conjunctival  reaction  was  eleven  and  one- 
half  hours  after  instillation,  and  the  latest  ninety-six  hours,  the 
average  being  twenty-eight  hours.  For  the  cutaneous  reaction,  the 
earliest  was  twenty  hours  and  the  latest  one  hundred  and  twenty 
hours,  the  average  being  thirty-six  hours;  and  for  the  ointment  test, 
the  earliest  was  twenty-two  hours,  the  longest  one  hundred  and 
twenty  hours,  and  the  average  forty  hours. 

As  to  the  length  of  duration  of  the  various  reactions,  our  obser- 
vations are  accurate  only  in  so  far  as  they  show  that  in  1  case  the 
conjunctival  reaction  ceased  in  nineteen  and  one-half  hours,  and 
that  in  several  instances  it  did  not  entirely  disappear  for  from  seven 
to  nine  days;  that  the  shortest  duration  of  the  cutaneous  reaction 
was  forty-eight  hours,  and  that  it  sometimes  persisted  for  more  than 
ten  days;  and  that  the  shortest  duration  of  the  ointment  reaction 
was  forty-eight  hours  and  the  longest  more  than  ten  days,  it  always 
having  faded  in  color  and  most  of  the  papules  having  disappeared 
at  this  time. 

Control  Tests.  The  controls  were  practically  negative  in  all 
cases,  except  in  a  few^  eye  cases,  to  be  referred  to,  m  1  cutaneous 
case,  and  in  11  of  the  ointment  cases.  In  each  of  the  latter  2  this 
was  due  to  contamination  from  the  inoculated  areas.  The  control 
in  the  scarification  cases  was  the  middle  scar — about  5  cm.  from 
each  of  the  others.  While  the  solution  was  drying  the  child  evi- 
dently transferred  some  of  it  to  the  control  with  its  fingers.  In  the 
case  of  the  ointment,  it  was  not  removed  from  the  abdomen,  and 
consequently  when  the  undershirt  was  replaced  it  spread  the  oint- 
ment beyond  the  limits  to  which  it  had  been  applied,  in  some  cases 
extending  to  the  control  areas. 

Subjective  Symptoms.  Very  few  of  the  children  complained 
of  discomfort  from  the  reactions;  none  from  the  cutaneous;  in  14 
of  the  ointment  cases  there  was  evidence  of  itching,  and  in  the  con- 
junctival cases  complaint  of  pain  in  the  eyes  was  made  in  6,  photo- 
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phobia  and  recurrence  of  joint  pains  occurred  in  1  case  of  rheu- 
matism, and  photophobia  was  noted  in  13  other  cases.  One  of  the 
positive  subcutaneous  cases  complained  of  pain  at  the  site  of  injec- 
tion; another,  with  chronic  tuberculous  arthritis  of  the  knee,  had 
an  access  of  pain  in  this  joint  and  severe  abdominal  pain  (possibly 
due  to  a  stirring  up  of  tuberculous  mesenteric  glands),  and  a  third 
case  had  enlarged,  painful,  and  tender  inguinal  glands,  with  pain 
at  the  point  of  injection. 

Dilatation  of  the  Pupils.  Apropos  of  the  observation  of 
Blum,  that  dilatation  of  the  pupils  followed  from  one  and  one- 
quarter  to  one  and  one-half  hours  after  the  instillation  of  the  eye, 
we  made  observations  in  the  last  20  cases  tested,  and  found  the  pupil 
of  the  instilled  eye  dilated  in  5  cases,  contracted  in  4,  and  without 
change  in  11.  At  various  times  in  our  routine  examinations  we 
had  noted  dilatation  or  contraction  of  the  instilled  pupils  in  twelve 
hours  or  more  after  instillation.  This  phenomenon  is  interesting, 
especially  our  observation  that  sometimes  the  instillation  is  followed 
by  contraction  instead  of  dilatation. 

We  have  no  satisfactory  explanation  to  offer,  although  it  is  pos- 
sible that  the  inconstant  pupil  effects  of  the  instillation  of  tuberculin 
depend  not  alone  upon  any  inconstant  strength  or  concentration  of 
the  solution  used,  but  upon  individual  peculiarities  of  the  eyes. 
Whether  local  irritation  produced  by  the  drug,  greater  in  one 
instance  and  less  in  another,  may  be  accountable  for  these  pupil 
phenomena,  is  a  subject  for  further  investigation. 

Uniformity  of  Reaction.  In  about  60  of  our  cases  the  con- 
junctival test  was  applied  from  one  to  three  weeks  before  the  scari- 
fication and  ointment  tests.  In  the  balance  of  the  cases  the  three 
tests  were  applied  at  the  same  time. 

The  conjunctival,  scarification,  and  ointment  tests  were  all  applied 
in  132  cases.  In  122  of  these  all  of  the  tests  reacted  positively. 
In  the  10  remaining,  the  conjunctival  test  was  negative  four  times 
when  both  of  the  others  were  positive,  and  positive  once  when  both 
of  the  others  were  negative.  The  scarification  was  negative  four 
times  when  one  or  both  of  the  others  were  positive,  and  the  ointment 
three  times.  It  will  be  seen  from  these  figures  that  there  was  almost 
absolute  uniformitv  as  to  reaction  with  these  three  tests. 


HAMILL,  CARPENTER,  COPE:  TUBERCULIN  TESTS      391 

As  to  the  relative  degrees  of  reaction  in  the  individual  cases,  the 
ointment  test  gave  the  most  marked  reaction  in  35,  the  conjunctival 
in  32,  and  the '  scarification  test  in  24  cases.  This  result  is 
very  interesting  in  connection  with  the  statements  in  the  literature 
regarding  the  comparative  sensitiveness  of  the  conjunctival,  scari- 
fication, and  ointment  tests. 

Wolff-Eisner,  for  instance,  apparently  working  with  weaker  solu- 
tions, expresses  the  opinion  that  the  scarification  test  is  more  sensi- 
tive than  the  conjunctival,  and  that  it  shows  latent  foci  which  are 
not  revealed  by  the  conjunctival  unless  repeated,  and  that  the 
cutaneous  reaction  is  positive  in  one-half  of  all  cases,  while  the  con- 
junctival is  positive  in  but  one-sixth. 

Feer  found  the  conjunctival  test  very  uncertain  with  a  0.5  per 
cent,  solution,  and  frequently  negative  in  cases  which  were  positive 
to  a  25  per  cent,  solution  applied  cutaneously. 

Morelli,  in  100  cases  of  pulmonary  tuberculosis,  obtained  98 
positive  reactions  to  the  scarification,  and  but  36  to  the  conjunctival 
test.  In  22  cases  of  tuberculosis  other  than  pulmonary,  he  obtained 
72  per  cent,  of  positive  reactions  to  the  scarification  and  63  per  cent, 
to  the  conjunctival.  In  96  cases  of  non-suspected  tuberculosis,  he 
obtained  21  per  cent,  of  positive  reactions  to  the  scarification  and 
11  per  cent,  to  the  conjunctival  tests. 

Stadelmann's  figures  correspond  with  Wolff-Eisner's,  and  he 
shares  with  him  the  belief  that  the  conjunctival  reaction  indicates 
an  active  tuberculous  process,  while  the  cutaneous  suggests  inactive 
or  latent  foci.  A  few  investigators  have  found  the  reactions  more 
uniform,  and  Calmette  inclines  to  the  belief  that  tuberculous  lesions 
are  more  frequently  found  by  the  conjunctival  than  by  the  scarifi- 
cation test. 

Wolff-Eisner  attempts  to  explain  the  greater  sensitiveness  of  the 
scarification  test  by  a  difference  between  the  absorptive  power  of  the 
skin  and  conjunctiva;  the  absorption  in  the  skin  being  less,  the 
concentrated  tuberculin  remains  where  it  is  applied  until  the  cells, 
which,  owing  to  the  latent  nature  of  the  foci,  have  not  reacted  to 
tuberculin  for  a  long  time,  regain  their  power  to  react  under  the 
influence  of  the  prolonged  stimulation;  whereas,  in  the  conjunctiva, 
where  absorption  is  rapid,  the  contact  is  not  long  enough  to  stimulate 
the  formation  of  antibodies. 
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On  tlie  basis  of  our  results,  we  cannot  share  in  this  opinion,  and, 
because  of  the  almost  absolute  uniformity  of  reaction  with  the  three 
tests,  we  believe  that  the  apparent  lessened  sensitiveness  of  the  con- 
junctiva is  to  be  accounted  for  on  some  other  basis.  There  must 
be  some  satisfactory  way  to  account  for  the  differences  which  have 
been  obtained  by  diiferent  investigators,  and  we  would  suggest  that 
it  probably  depends  upon  the  use  of  solutions  of  varying  strengths, 
which,  in  the  case  of  the  tuberculin  precipitate,  is  due  to  defective 
technique  in  its  preparation.  In  the  description  w^hich  we  have 
given  of  this  procedure,  we  have  pointed  out  that  the  precipitate, 
which  forms  after  the  concentrated  tuberculin  original  has  been 
added  to  the  alcohol,  should  be  separated  from  its  supernatant  liquid 
as  soon  as  possible.  If  this  is  not  done,  the  proteids  of  the  peptones 
and  beef  extract  contained  in  the  media  will  be  precipitated  out  and 
collected  with  the  tuberculin.  It  is  very  evident  that  percentage 
solutions  made  from  such  a  precipitate  would  be  much  weaker  than 
corresponding  percentage  solutions  prepared  from  a  pure  tuberculin 
precipitate.  It  is  not  unlikely,  also,  that  the  effect  of  too  prolonged 
contact  of  the  alcohol  with  the  precipitated  tuberculin  may  have 
the  effect  of  denaturizing,  and  thus  in  part  destroying,  the  activity 
of  the  tuberculin,  which  is  a  proteid  body. 

We  believe,  therefore,  that  the  differences  in  results  which  have 
been  obtained  can  be  obviated  if  proper  care  be  practised  in  the 
preparation  of  the  solutions  which  are  used,  and  that,  so  far  as 
children  are  concerned,  as  has  been  shown  by  our  results,  there  will 
be  practically  absolute  uniformity  of  reaction  to  the  various  tests. 
The  demonstration  of  this  uniformity  of  reaction  we  consider  one  of 
the  most  important  residts  of  our  investigation,  since  it  shows  that 
none  of  the  three  tests  has  any  advantage,  in  so  far  as  the  sensitive- 
ness to  reaction  is  concerned.  It  then  becomes  a  question  as  to 
which  of  the  three  is  most  desirable  from  other  standpoints. 

Before  beginning  the  application  of  the  conjunctival  test,  we  had 
no  knowledge  of  any  serious  results  from  its  use.  It  is  unquestion- 
ably much  easier  of  application  than  the  other  tests,  and  it  probably 
yields  residts  a  little  more  quickly,  but  it  has  the  great  disadvantage 
of  producing  a  decidedly  uncomfortable  lesion,  and  it  is  not  infre- 
quently followed  by  serious  inflammations  of  the  eye,  which  not 
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only  produce  great  physical  discomfort  and  require  weeks  of  active 
treatment,  but  which  may  permanently  affect  the  vision,  and  even 
lead  to  its  complete  destruction.  In  our  series  we  have  had  2  cases 
of  severe  purulent  miilateral  conjunctivitis,  6  of  severe  recurring 
phlyctenular  conjunctivitis,  one  of  which  developed  corneal  ulcers, 
and  1  case  of  keratocyclitis,  with  a  large  central  corneal  ulcer. 
Permanent  disturbance  of  vision  is  sure  to  follow  in  this  last  case 
from  the  central  scar,  even  should  the  associated  lesion,  which  at 
present  is  in  a  very  unpromising  condition,  clear  up  eventually. 

These  results  are  by  no  means  unique,  many  similar  observations 
having  been  made.  Thus,  ^Yebster  and  Kilpatrick,  Moro,  Feer, 
Schenck,  Eppenstein,  and  Gaupp,  in  their  reports,  refer  to  10  cases 
of  phlyctenules;  Van  Durme  and  Stocke  report  5,  and  Schenck  and 
Seifert,  and  Krause  and  Hertel  "many"  of  the  same  condition. 
Ebstein,  de  Lapersonne  and  Eppenstein  report  8  cases  of  keratitis; 
Heyman,  1  case  of  iritis;  Renon,  1  case  of  kerato-iritis;  Simonin,  1 
case  of  corneal  ulcer;  Buch,  1  case  of  conjunctival  hemorrhage; 
de  Lapersonne,  2  cases  of  iridocyclitis;  Cassoute,  1  case  of  serious 
eye  trouble,  causing  loss  of  vision;  and  Barbier,  the  case  of  a  child 
in  which  an  old  bilateral  keratitis,  healed  for  one  year,  was  stirred 
up  by  the  instillation  of  tuberculin,  lasted  for  two  months,  and 
caused  almost  complete  destruction  of  the  sight  of  one  eye.  We 
have  had  a  number  of  verbal  reports  of  eye  complications,  some 
relating  to  very  serious  conditions;  and  we  are  sure  they  are  much 
commonerthan  the  references  we  have  communicated  would  indicate. 

While  we  are  willing  to  admit  the  claim  of  Calmette,  that  many 
of  the  complications  may  be  due  to  the  reaction  inflammation  paving 
the  way  for  the  development  of  preexisting  or  superadded  infectious 
organisms,  we  do  not  feel  that  this  in  any  sense  justifies  the  test.  In 
fact,  we  are  strongly  of  the  opinion  that  any  diagnostic  procedure 
which  will  so  frequently  result  in  serious  lesions  of  the  eye,  irrespec- 
tive of  the  way  in  which  it  produces  them,  has  no  justification  in 
medicine,  especially  since  there  are  other  diagnostic  tests  of  equal, 
if  not  superior,  value,  which  are  applicable  to  the  same  class  of  cases, 
and  not  attended  with  the  same  disturbing  results.  We  refer  to  the 
cutaneous  and  ointment  tests.  As  to  the  relative  merits  of  these 
two  tests,  we  feel  that  the  ointment  offers  the  advantage  of  elimi- 
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nating  any  cleniulation  of  the  surface  of  the  skin,  thus  lessening  the 
danger  of  infection. 

We  have  had  no  complaint,  nor  noted  any  evidence  of  discomfort 
during  the  reaction  to  the  scarification  test,  and  nothing  other  than 
itching  during  that  to  the  ointment  test.  We  have  seen  no  com- 
plications from  either,  although  we  note  in  the  literature  that  tuber- 
culide (v.  Pirquet);  lichen  scrofulosorum  (Ferrand  and  Lemaire, 
v.  Pirquet,  Baginsky  and  Siccard,  Oppenheim);  scrofuloderm 
(Moro  and  Doganoff),  and  lymphangitis  with  swelling  of  the  epi- 
trochlear  glands  (Wolff-Eisner,  Kronig)  have  followed  the  cutaneous 
reaction,  and  lichen  scrofulosorum  (Moro)  the  ointment  reaction. 

In  addition  to  this.  Peer  quotes  Pfaundler,  Moro,  and  Doganoff 
as  having  "frequently  observed  phlyctcnrles"  appear  on  the  cornea 
ten  to  fifteen  days  after  the  application  of  the  scarification  test, 
which  they  attributed  to  a  special  hypersensitiveness  of  the  entire 
organism,  and  communicates  two  instances  of  his  own,  occurring 
in  344  applications  of  the  cutaneous  test,  in  one  of  which  the  con- 
junctival test  had  been  applied  ten  days  previously.  It  is  not  stated 
in  his  quotation  whether  the  conjunctival  test  had  been  previously 
applied  to  the  cases  of  the  authors  above  mentioned.  It  would 
seem  likely,  from  the  period  elapsing  between  the  application  of  the 
conjunctival  test  and  the  occurrence  of  the  phlyctenules  in  Peer's 
second  case,  that  the  phlyctenules  were  attributable  to  the  conjunc- 
tival rather  than  to  the  cutaneous  test. 

Wolff-Eisner  refers  to  the  occurrence  of  phlyctenules  after  the 
application  of  the  scarification  test,  but  in  making  the  statement 
he  is  evidently  quoting  from  the  observations  of  others.  In  any 
event,  it  is  manifest  from  the  reports  in  the  literature  that  the  occur- 
rence of  complications  of  this  nature  is  much  more  common  after 
the  eye  test  than  after  the  scarification  test.  And  it  is  entirely 
reasonable  that  it  should  be  so,  since  the  direct  application  of  the 
solution  to  the  eye  not  only  brings  the  conjunctival  tissues  in  contact 
with  a  larger  dose  of  the  tuberculin,  but  produces  an  inflammatory 
lesion  which  renders  the  tissues  of  the  eye  more  vulnerable  to  infec- 
tious organisms  which  may  be  in  the  eye,  and  which  are  undoubtedly 
responsible  for  many  of  the  severe  concomitant  symptoms  in  these 
cases. 
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In  our  owTi  cases  the  eye  complications  occurred  in  all  but  two 
before  either  the  scarification  or  ointment  tests  had  been  applied. 
In  these  two  the  three  tests  were  applied  at  the  same  time,  and  in 
them  we  have  credited  the  results  to  the  eye  test. 

If  sensitization  of  the  entire  organism  follows  the  application  of 
the  scarification  test,  as  the  authors  quoted  suggest,  it  is  not  sur- 
prising that  phlyctenules  should  follow,  since  their  occurrence  has 
been  noted  after  the  subcutaneous  test.  In  one  of  our  owti  cases 
(Case  62),  phlyctenules  developed  nine  days  after  the  subcutaneous 
injection,  the  conjunctival,  scarification,  and  ointment  tests  having 
preceded  the  subcutaneous  by  more  than  one  month. 

It  is  very  probable  that  the  dosage  used  in  the  scarification  tests, 
the  absorptive  power  of  the  skin  in  different  individuals,  as  well  as 
the  manner  of  applying  the  test,  especially  the  nature  of  the  scarifi- 
cation, may  have  some  bearing  upon  this  question.  Generally 
speaking,  we  do  not  believe  it  probable  that  a  systemic  reaction  is 
likely  to  follow  the  application  of  either  the  scarification  or  ointment 
tests.  Thus,  the  drop  of  10  per  cent,  tuberculin  which  we  applied 
to  the  skin  in  carrying  out  the  scarification  test  was  equal  to  y^^^  c.c, 
which  contained  exactly  O.COl  gm.  of  tuberculin.  The  drop  con- 
taining this  0.001  gm.  was  only  in  small  part  in  contact  with  the 
point  of  scarification,  the  greater  bulk  of  it  being  scattered  around 
its  borders.  Unless,  therefore,  it  was  absorbed  by  the  unbroken 
skin,  the  absorptive  properties  of  which  we  know  to  be  but  slight, 
the  amount  of  actual  tuberculin  taken  up  by  the  tissues  generally 
must  have  been  exceedingly  small,  and  when  we  realize  that  one- 
half  of  the  total  quantity  of  tuberculin  contained  in  this  drop 
was  injected  subcutaneously  in  several  children  who  had  reacted 
cutaneously  without  producing  symptoms  of  systemic  reaction,  we 
feel  that  the  chance  of  its  occurrence  after  the  cutaneous  test  must  be 
extremely  slight,  or  that,  if  it  does  occur,  it  represents  an  extraor- 
dinarilv  high  degree  of  sensitiveness. 

Furthermore,  we  believe  that  in  the  uninjured  skin  to  which  the 
ointment  in  the  amount  used — 0.15  gm.,  equivalent  to  0.075  gm. 
of  tuberculin- — is  applied  there  cannot  possibly  occur  a  sufficient 
absorption  of  tuberculin  to  produce  anything  beyond  a  local  re- 
action. 
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Late  Reactions.  There  is  a  certain  peculiarity  of  the  reaction, 
pointed  out  by  Stadelmann,  which  is  worthy  of  consideration,  and 
which  seems  to  be  common  to  all,  namely,  a  tendency  to  be  delayed 
in  its  development  and  persistent  in  its  duration.  This  delayed 
reaction  may  follow  in  cases  in  which  the  primary  reaction  was  early. 
In  the  case  of  the  cutaneous  reaction,  it  may  persist  at  its  maximum 
for  as  long  as  three  or  four  weeks.  We  have  not  noted  what  we  felt 
might  be  termed  a  delayed  reaction  after  any  of  our  eye  or  scari- 
fication tests,  but  in  one  instance  we  had  a  persistence  of  the  ointment 
reaction  at  its  maximum  for  about  three  weeks.  There  has  been  an 
effort  made  to  explain  this  type  of  reaction  on  the  basis  of  the  histo- 
logical study  of  the  papule.  Daels  examined  four  such  papules 
from  cadavers  and  one  from  a  living  subject.  Some  of  these  showed 
nothing  specific,  but  in  two  cases  the  papule  accurately  reproduced 
the  structure  of  the  tubercle. 

This  histological  picture,  which  was  discovered  in  very  circum- 
scribed areas  by  the  examination  of  serial  sections,  made  him  suspect 
the  presence  of  dead  bacteria  in  the  tuberculin,  which  suspicion  he 
confirmed  by  studying  the  centrifugated  sediment  of  the  same 
tuberculin  that  had  produced  the  lesions. 

He  does  not  suggest  the  presence  of  dead  bacilli  in  the  tuberculin 
as  an  explanation  of  the  occurrence  and  genesis  of  the  v.  Pirquet 
reaction,  but  makes  the  rather  interesting  observation  that  the 
presence  of  the  bodies  or  fragments  of  the  bodies  of  dead  bacilli 
might  throw  some  light  upon  the  return  reactions  which  follow  the 
subcutaneous  test,  as  well  as  account  for  the  eye  reactions  which 
sometimes  occur  in  apparently  healthy  individuals  when  the  test 
is  repeated  with  a  sufficiently  large  dose. 

The  changes  produced  in  the  conjunctival  sac  by  the  first  instil- 
lation are  generally  tuberculous  tissue  changes;  hence  the  second 
and  third  instillations  into  the  conjunctival  sac  produce  a  violent 
reaction,  which  is  in  accord  with  the  fundamental  discovery  of 
Koch,  that  tuberculin  produces  inflammation  in  tuberculous  alter- 
ations. If  the  phenomena  in  the  eye  were  due  to  a  purely  fluid 
poison,  it  would  be  hard  to  understand  why  the  ability  to  react 
which  is  produced  by  the  first  instillation  should  persist  for  months, 
and  also  why  this  ability  to  react  does  not  extend  to  the  eye  as  a 
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whole,  in  view  of  the  rapidity  with  which  fluid  diffusible  substances 
introduced  into  the  conjunctiva  make  their  way  mto  the  eye. 

The  attitude  of  Wolff-Eisner  that  the  efficacy  of  tuberculin  injec- 
tions and  inoculations  depends  on  the  presence  of  the  bodies  of  dead 
bacteria  m  the  tuberculm — in  other  words,  that  it  is  a  bacteriolytic 
reaction — is  in  accord  with  these  vieAvs. 

Bandler  and  Kreibisch  also  studied  the  late  papules  histologically, 
and  observed  infiltration  with  mononuclear  cells  and  some  epithelioid 
cells  and  giant  cells,  or  what  they  termed  the  beginnings  of  giant 
cells,  which,  however,  differed  from  the  Langhans  t}^e.  These 
findings  are  interestmg,  and  stimulated  us  to  make  histological 
studies  of  the  papules  from  the  delayed  abdominal  reaction  above 
referred  to.  For  the  sake  of  comparison,  we  studied  with  this  a 
a  papule  from  a  normal  reaction.  The  sections  were  kindly  made 
and  reported  upon  by  Dr.  C.  Y.  ^Miite,  and  confirmed  by  Dr.  M.  B. 
Hartzell.  They  were  both  agreed  that  neither  lesion  differed  in  any 
way  from  the  ordinary  histological  picture  of  simple  inflammation  of 
the  skin. 

Confirmation  by  thb  Subcutaneous  Test.  In  85  cases  we 
applied  the  subcutaneous  test  in  confirmation  of  the  other  test;  63 
of  these  had  been  positive  to  the  superficial  tests,  and  22  negative. 
The  subcutaneous  test  verified  all  the  negative  cases,  by  showing  no 
evidence  of  reaction.  In  2  of  the  positive  cases  this  confirmation 
was  lacking,  and  in  1  case  doubtful. 

The  injections  were  given  in  the  lower  right  or  left  lumbar  region. 
When  it  was  necessary  to  repeat  the  dose,  it  was  given  on  the  oppo- 
site side. 

In  the  first  group  of  9  cases,  including  negative  cases  and  mild 
reactions,  the  dosage  was  ^^  of  a  milligram.  The  only  evidence  of 
reaction  occured  in  the  mild  cases,  and  this  was  defuiite  enough  to 
leave  no  question  as  to  the  nature  of  the  reaction. 

In  the  second  group  we  gave  ^q  milligram  subcutaneously,  and 
after  forty-eight  hours  repeated  the  test  in  the  doubtful  cases,  giving 
Y  milligram. 

In  the  third  group  of  somewhat  older  children,  we  gave  h  milli- 
gram as  the  initial  dose  in  the  doubtful  cases,  repeatmg  wnth  1 
milligram;  and  in  the  last  group  we  gave  |  of  a  milligram  as  an 


398  HAMILL,    CARPENTER,    COPE:   TUBERCULIN    TESTS 

initial  dose,  and  found  it  unnecessary  to  repeat  the  injection  in  any. 
We  observed  no  severe  reactions.  In  1  case  there  was  vomiting 
about  fourteen  hours  after  the  injection,  and  in  another,  enlargement 
of  the  inguinal  glands,  associated  with  tenderness  and  some  lymph- 
angitis. 

Return  Reactions.  We  observed  very  striking  return  reac- 
tions in  all  but  16  per  cent,  of  the  cases,  67  per  cent,  of  the  total 
number  showing  return  conjunctival  reactions,  65.5  per  cent,  return 
cutaneous  reactions,  and  59  per  cent,  return  ointment  reactions. 
There  were  no  evidences  of  inflammatory  reaction  in  any  of  the 
tuberculin  areas  in  the  cases  which  had  been  negative  to  the  original 
tests.  The  most  striking  return  reactions  were  those  occurring  on 
the  abdomen,  over  the  area  to  which  the  ointment  had  been  applied 
(see  sketch).  This  so-called  return  reaction,  as  it  appears  after  the 
cutaneous  and  ointment  reactions,  does  not  possess  the  character- 
istics of  the  original  reaction.  It  is  merely  a  mottled,  pinkish 
blotching  of  the  regions  which  had  been  occupied  by  the  original 
reaction,  and  shows  neither  elevation,  papulation,  nor  induration. 
The  difference  is  very  clearly  shown  by  a  comparison  of  the  sketches 
showing  the  original  and  return  abdominal  reactions. 

We  observed  no  return  reactions  following  the  application  of  the 
superficial  tests  in  the  cases  in  which  they  were  made  at  intervals. 
In  several  cases,  in  which  a  second  eye  test  was  made  m  the  original 
control  eye,  there  was  a  slight  reaction  in  the  opposite  eye  (original 
test  eye).  In  this  connection,  it  may  be  pointed  out  that  in  a  few 
instances  we  observed  a  bilateral  conjunctival  reaction  after  the 
instillation  in  one  eye,  a  point  which  has  been  commented  upon 
quite  frequently  by  other  investigators  and  which  has  been  explained 
most  commonly  on  the  basis  of  a  transmission  of  the  tuberculin 
from  one  eye  to  the  other,  by  rubbing  first  the  instilled  and  then  the 
control  eye. 

Postmortem  Confirmation.  In  the  few  instances  in  which  we 
were  able  to  obtain  autopsies  the  postmortem  findings  confirmed 
the  results  of  the  tests  applied.  Where  the  reactions  were  negative 
the  autopsies  failed  to  reveal  any  evidences  of  tuberculosis.  In  one 
case,  in  which  only  the  conjunctival  test  was  applied  with  a  positive 
reaction,    some    cervical   glands   removed    surgically   were    proved 
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tuberculous  by  the  histological  examination;  and  m  another  case, 
reacting  to  the  conjunctival  test,  miliary  tuberculosis,  tuberculous 
meningitis,  and  enlarged  tuberculous  mesenteric  glands  were  found 
at  the  autopsy. 

There  has  been  a  considerable  amount  of  postmortem  study  of 
cases  in  which  the  conjunctival  and  cutaneous  tests  have  been 
applied.  Von  Pirquet  made  autopsies  on  100  children  whom  he 
had  tested  subcutaneously;  52  of  these,  in  whom  the  scarification  test 
had  been  negative,  showed  no  tuberculous  changes  macroscopically ; 
34  of  his  cases  died  of  tuberculosis,  diagnosticated  clinically;  13 
of  these  had  been  tested  during  the  last  ten  days  of  life,  and  none  of 
them  had  reacted ;  13  cases,  dying  of  non-tuberculous  conditions,  had 
shown  tuberculosis  as  an  accessory  finding.  In  this  latter  group  9 
had  reacted,  while  in  4,  of  which  3  were  not  examined  until  within 
the  last  ten  days  of  life,  the  test  was  negative;  and  in  1  case,  which 
had  reacted,  no  macroscopic  evidences  of  tuberculosis  were  found 
at  the  autopsy. 

Blum,  Comby,  Morelli,  Wolff-Eisner,  Letuelle,  Prouff,  A.  ^larie, 
Raviart,  Otto  Griinbaum,  Hischler,  Eyre,  Wedd  and  Herz,  Feer 
and  Gaupp  made  autopsies  in  a  large  number  of  cases  (more  than  60) 
to  which  either  the  conjunctival  or  scarification  tests  had  been 
applied,  and,  without  exception,  confirmed  both  their  positive  and 
negative  findings.  On  the  other  hand,  Bourget  quotes  2  cases,  1  of 
hemiplegia  and  1  of  acute  peritonitis;  ^Nlassary  and  Weil,  a  case  of 
carcinoma;  Bourget  and  Stilling,  a  case  of  typhoid  fever;  Cohn  and 
Simonin,  each  a  similar  case,  in  which  they  obtained  positive  con- 
junctival reactions  and  failed  to  find  evidences  of  tuberculosis  at  the 
autopsy. 

It  will  be  seen  from  the  foregoing  that  the  results  of  postmortem 
investigation  have,  in  the  main,  confirmed  the  specificity  of  these 
reactions.  The  value  of  the  negative  results,  as  Scques  has  pointed 
out,  may  always  be  questioned,  unless  thorough  macroscopic,  micro- 
scopic, and  bacteriological  examinations  and  animal  infections  of 
the  tissues  have  been  made. 

\^  hen  we  realize  that  any  of  these  tests  will  reveal  the  most  minute 
foci  of  tuberculosis,  it  is  very  easy  to  understand  how  readily  the 
lesions  may  be  overlooked  in  the  course  of  an  ordinary  autopsy. 
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\Mien  tuberculous  lesions  are  found  at  the  autopsy  in  cases 
which  have  not  reacted,  the  relationship  between  the  time  of  reaction 
and  the  date  of  death  must  be  taken  into  consideration,  because  it  is 
the  rule  that  tuberculous  cases  fail  to  react  during  the  last  days  of 
life  as  well  as  under  certain  other  conditions. 

For  instance,  in  one  of  our  cases  of  advanced  pulmonary  tubercu- 
losis, cachectic  and  emaciated,  we  obtained  negative  results  to  all  3 
of  the  superficial  tests,  as  well  as  to  the  subcutaneous.  In  the 
experience  of  those  who  have  used  these  tests,  negative  results  have 
been  almost  universal  in  cases  of  this  type. 

Dufour  states  that  since  1899  he  has  had  uniformly  negative 
results  to  the  subcutaneous  test  in  cachectic  cases,  in  individuals 
attacked  with  acute,  rapidly  fatal  tuberculosis,  and  in  practically  all 
tuberculous  cases  during  the  last  few  days  of  life.  ^^  ith  the  newer 
tests,  the  results  have  been  the  same.  This  phenomenon  is  ex- 
plained on  the  basis  that  the  organism  is  so  overwhelmed  by  the 
poisons  of  tuberculin  that  it  loses  its  power  to  react,  or,  as  Baldwin 
expresses  it,  there  occurs  an  exhaustion  of  the  reactive  mechanism 
by  the  excessive  absorption  of  poison.  Von  Pirquet  makes  the  sug- 
gestion, on  the  basis  of  some  of  his  results,  that  the  absence  of 
reaction  during  the  last  days  of  life  may  be  only  relative,  and  can  be 
overcome  by  very  large  doses  of  the  poison. 

It  not  infrequently  happens  that  individuals  who  fail  to  react  to 
the  first  test  will  react  when  the  test  is  repeated.  This  has  been 
interpreted  to  mean  that  such  individuals  are  the  bearers  of  latent 
foci,  and  as  their  tissues  have  not  been  in  contact  with  the  poisons 
of  the  tubercle  bacillus  for  so  long,  the  first  application  of  the  tuber- 
culin merely  stimulates  immunity,  thus  paving  the  way  for  the  occur- 
rence of  a  reaction  to  the  second  test. 

This  question  is  closely  related  to  the  sensitizing  of  the  tissues,  in 
regard  to  which  there  must  exist  a  great  diversity  of  opinion  until 
added  knowledge  makes  it  possible  for  us  to  arrive  at  more  definite 
conclusions.  Von  Pirquet  admits  the  possibility  of  inoculation 
producing  immunity,  but  inclines,  from  his  experiences  in  the  inocu- 
lation of  tuberculin,  to  believe  that  it  is  not  followed  by  hypersensi- 
tiveness. 

This  latter  view  is  maintained  bv  Wolff-Eisner,  (^almette,  and 
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many  others,  and  certainly  the  histological  findings  of  Daels,  pre- 
viously referred  to,  would  seem  to  require  some  explanation  in  this 
connection. 

This  question  of  anaphylaxis  will  necessarily  throw  some  doubt 
upon  the  absolute  specificity  of  the  tuberculin  test,  if  it  is  proved 
that  it  is  entirely  possible  to  produce  a  condition  of  hypersensitive- 
ness  in  the  use  of  tuberculin.  On  the  other  hand,  the  weight  of 
experience,  the  enormous  percentage  of  postmortem  confirmations 
of  the  subcutaneous  tests  in  animals  and  of  the  superficial  tests  in 
human  beings,  and  the  almost  uniform  confirmation  of  the  super- 
ficial test  by  the  subcutaneous  method  would  seem  to  suggest  that 
the  tests  can  be  relied  upon  to  indicate  the  existence  of  tuberculosis 
in  human  beings,  except  in  the  type  of  cases  which  has  been  pre- 
viously referred  to.  Admitting  this,  the  value  of  these  tests,  from 
the  standpoint  of  diagnosis,  would  be  absolute  as  to  the  existence 
of  some  form  of  tuberculosis,  but  the  fact  that  they  reveal  the  most 
minute  and  even  the  inactive  and  possibly  healed  forms  of  the  dis- 
ease, together  with  their  failure  to  react  in  the  presence  of  associated 
cachexia  and  in  the  advanced  stages  of  the  disease,  and  especially 
in  the  most  acute  forms  of  tuberculosis,  make  them  of  much  less 
value  than  we  had  hoped  they  might  be  in  the  differential  diagnosis 
between  the  irregular  types  of  tuberculosis  and  other  conditions 
which  simulate  them. 

Krause,  Liesenberger  and  Russ,  as  well  as  Cohn,  obtained  a  large 
percentage  of  positive  results  with  the  conjunctival  test  in  cases  of 
typhoid  fever,  and  also  obtained  positive  results  in  tuberculous  cases 
by  the  instillation  of  typhoid  toxin,  from  w^hich  they  argue  that  the 
test  is  not  specific  and  that  reactions  are  simply  an  expression  of  a 
hypersensitiveness  of  the  organism  to  toxins  in  general.  One  of 
Colin's  cases  came  to  autopsy  and  show^ed  no  evidences  of  tubercu- 
losis. Bourget  and  Stilling  also  report  a  positive  conjunctival  test 
in  a  case  of  typhoid  fever  which  showed  no  lesions  of  tuberculosis  at 
the  autopsy.  These  results  have  not,  however,  been  confirmed  by 
the  observation  of  others.  In  our  own  series  the  test  was  applied 
to  3  cases  of  typhoid  fever,  both  during  the  febrile  period  and  in 
convalescence.  In  2  cases  the  result  was  negative,  while  in  the  other 
it  was  positive  at  both  periods  of  the  disease. 

Am  Phys  26 
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Austin  and  Griinbaum,  Leroux,  Trannoy,  Hutchings,  Lesne  and 
Marre,  Olnier  and  Terras,  Levy  and  Wolff-Eisner  report  negative 
results  in  19  cases  of  typhoid  fever.  The  negative  results  in  cases 
of  typhoid  fever  just  quoted  would  seem  to  disprove  the  theory  of 
the  authors  first  mentioned  and  negative  the  value  of  their  findings, 
as  bearing  upon  the  specificity  or  diagnostic  value  of  the  tests. 

It  would  seem  to  us  that  the  negative  results  are  probably  of  more 
value  than  the  positive  findings  in  differential  diagnosis,  except  in 
serious  febrile  conditions.  They  definitely  eliminate  the  possibility 
of  tuberculosis. 

We  believe  the  test  will  prove  of  value  in  its  positive  results  in 
institutions,  m  making  it  possible  to  separate  the  infected  from  the 
non- infected,  in  the  early  recognition  of  infection  and  the  conse- 
quent early  adoption  of  treatment,  in  the  determination  of  the  begin- 
ning of  infection,  especially  in  tuberculous  families,  and  possibly  in 
connection  with  the  determination  of  the  origin  of  certain  cases  or 
groups  of  cases,  as  well  as  in  stimulating  us  to  a  more  careful  study 
of  the  methods  of  transmission  of  the  disease.  The  observations  of 
Rosenberger  regarding  the  frequency  of  tubercle  bacilli  in  the  stools, 
even  in  cases  not  clinically  tuberculous,  as  well  as  the  recognition 
of  the  tubercle  bacilli  in  the  urine,  suggest  the  possibility  of  a  more 
frequent  transmission  of  contagion  through  the  medium  of  the  dis- 
charges than  we  have  been  inclined  to  believe.  This  would  seem 
to  be  an  especially  likely  mode  of  transmission  in  the  large  over- 
crowded institutions,  in  which  the  soiled  body  and  bed  linens  are 
either  washed  too  mfrequently  or  inadequately.  In  an  institution, 
for  instance,  such  as  that  from  which  the  majority  of  our  cases  have 
been  drawn,  it  would  seem  unlikely  that  the  number  of  actively 
tuberculous  cases,  especially  of  pulmonary  cases,  would  be  sufficient 
to  account  for  the  widespread  dissemination  of  infection  which  exists 
there,  and  unless  we  assume  that  these  children  are  infected  either 
prior  to  admission,  or  that  they  are  infected  through  the  medium  of 
the  milk  which  is  supplied  them,  we  must  conclude  that  there  is 
some  other  manner  of  transmission  of  the  disease. 

There  has  been  some  effort  made  to  place  a  prognostic  significance 
upon  the  type  of  reaction,  especially  upon  the  type  of  the  cutaneous 
reaction.  It  would  seem  possible  that  a  gradual  diminution  of  reac- 
tion in  the  advanced  cases  mav  indicate  an  unfavorable  course. 
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COMPARISON    OF   HUMAN   AND    BOVINE    SCARIFICATION   TESTS. 

Suggested  by  the  differential  tuberculin  reaction  of  Detre,  by 
which  he  attempts  to  differentiate  between  the  bovine  and  human 
types  of  infection  by  the  differences  in  reaction  to  filtrates  of  the 
human  and  bovine  bacilli,  we  applied,  by  the  cutaneous  method,  10 
per  cent,  solutions  of  tuberculin  original,  prepared,  the  one  from 
bovine,  the  other  from  human,  cultures,  in  the  same  mdividual. 
The  upper  arm  was  chosen  for  the  application  and  the  tests  were 
applied  in  24  cases.  The  results  showed  the  reaction  to  the  human 
tuberculin  the  stronger  in  11  cases,  2  of  these,  which  reacted  strongly, 
not  reacting  at  all  to  the  bovine.  The  degree  of  reaction  was  the 
same  in  8  cases,  and  in  2  it  was  much  stronger  to  the  bovine  than  to 
the  human,  while  in  3  there  was  no  reaction  to  either.  Generally 
speaking,  the  differences  in  degree  of  reaction,  where  the  one  was 
stronger  than  the  other,  were  very  striking.  While  these  figures  are 
of  no  value  for  purposes  of  deduction,  they  are,  nevertheless,  some- 
what suggestive. 

Animal  Experiments.  In  the  hope  that  we  might  be  able  to 
throw  some  light  upon  certain  interesting  features  of  this  question, 
we  undertook  some  experimental  work  on  rabbits. 

Wliat  we  aimed  to  accomplish  was  to  determine  whether  the  type 
of  the  reaction  bore  any  relationship  to  the  stage  of  the  disease  cr 
the  nature  or  location  of  the  lesion.  Incidentally,  we  endeavored 
to  create  immunity  in  several  normal  rabbits  by  the  intraperitoneal 
injection  of  tubercle  toxin,  and  to  sensitize  the  conjunctival  tissues 
in  2  normal  ral^bits  and  1  tuberculous  rabbit,  which  had  shown  no 
tendency  to  react,  by  the  repeated  instillation  of  tuberculin  pre- 
cipitate. 

For  some  reason,  which  up  to  the  present  we  have  been  unable  to 
explain,  our  results  were  entirely  negative.  In  the  case  of  the 
attempts  to  induce  immunity  this  may  not  be  surprising,  but  our 
failure  to  obtain  reactions  in  definitely  tuberculous  animals — proved 
by  autopsy — is,  to  say  the  least,  confusing. 

We  were  at  first  inclined  to  believe  that  the  inoculation  with  a 
bovine  culture  and  the  use  of  a  tuberculin  of  human  origin  might 
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have  some  bearing  upon  the  result,  but  we  note  that  Cahnette, 
Breton,  and  Petit  obtained  positive  reactions  in  rabbits  under  similar 
conditions,  from  which  we  assume  that  this  explanation  is  not  satis- 
factory. We  then  incriminated  the  dosage,  feeling  that  we  may 
have  overwhelmed  the  animals  with  so  much  toxin  that  immunity 
was  not  established,  ^^^len  we  came  to  post  our  animals,  we  found 
that  intravenous  rabbit  No.  4,  killed  on  the  fifty-first  day,  showed 
little  beyond  a  lesion  at  the  point  of  injection.  We  felt  that  this 
accusation  could  not  hold  for  this  case.  But  when  we  found  that 
one  of  our  control  rabbits,  which  had  had  its  eyes  instilled  on  April 
5  (normal  rabbit  No.  1),  and  was  killed  on  May  6,  showed  a  few 
tubercles  in  the  left  lung,  we  were  still  further  convinced  that  the 
dose  was  not  responsible  for  our  negative  results.  We  must,  how- 
ever, consider  the  possibility  of  infection  in  this  case  between  the 
date  of  the  last  reaction  (April  5)  and  the  time  of  the  autopsy  (INIay  6). 

In  the  light  of  the  fact  that  the  authors  mentioned,  together  with 
Nobecourt  and  Mantoux,  Vallee,  Lignieres,  Nageli,  Akerblom  and 
Venier,  and  Gilliland  (the  last  named  working  with  the  same  tuber- 
culin which  we  used,  and  in  the  same  dosage),  have  obtained  positive 
eye  reactions  after  infecting  their  rabbits  with  both  types  of  organ- 
isms, with  varying  doses,  many  of  them  larger  than  ours,  and  by  the 
various  methods,  we  feel  that  our  negative  findings,  while  failmg  to 
accomplish  the  purposes  we  had  in  view,  have,  nevertheless,  pre- 
sented a  new  problem,  which  we  hope  to  solve  by  further  investi- 
gation. 

The  tuberculm  which  we  used  m  testmg  these  animals  was  of  the 
same  lot  that  we  used  successfully  in  human  beings  both  before  and 
after  these  experiments  were  done.  The  variability  of  the  results 
of  the  authors  referred  to  may  bear  some  relationship  to  our  uni- 
formly negative  results. 

LABORATORY  REPORT  ON  THE  ANIMAL  EXPERIMENTS. 

Culture  Used  for  Inoculation. 

Culture  H  of  the  Laboratory  of  the  Pennsylvania  State  Livestock 
Sanitary  Board.  It  is  a  virulent  bovine  culture,  and  has  been 
growling  on  artificial  media  since  about  1902. 
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Preparation  of  Emulsion. 

The  emulsion  was  made  from  a  six  weeks'  old  bouillon  culture, 
and  in  such  strength  that  1  c.c.  of  emulsion  represented  0.001  gram 
of  dry  tubercle  bacilli. 

Animals  Used. 

17  rabbits  were  used  in  these  experiments. 
12  were  inoculated  with  the  above  emulsion. 

4  intraperitoneally  with  0.5  c.c.  (herein  referred  to  as  intraperi- 
toneal rabbits  Nos.  1,  2,  3,  and  4). 

4  subcutaneously  with  1  c.c.  (subcutaneous  rabbits  1,  2,  3,  and  4). 

4  intravenously  with  0.25  c.c.  (intravenous  rabbits  1,  2,  3,  and  4). 

2  received  subcutaneous  injections  of 'tuberculous  toxin  (filtrate 

from  six  weeks'  old  culture)  (toxin  rabbits  1  and  2). 

3  were  not  inoculated  (normal  rabbits  1,  2,  and  3). 


CONJUNCTIVAL     TUBERCULIN    REACTION    EXPERIMENTS    ON     KNOWN 
TUBERCULOUS    RABBITS. 

TABLE    OF    RESULTS,   WITH    DATES,  TIME,   ETC. 

Date.  Day.  No.  of  Rabbit,  Instillation,  etc.  18  hrs.       24  hrs.  48  hrs. 

Feb.      26.         1st      Inoculated  4  rabbits  intraperitoneally. 

Intraperitoneal  Rabbit  No.  1. 
"       28.        3d       Instilled  left  eye  h%  tuberculin  precipitate.         Neg.  Neg.       Neg. 

March    2.         6tli  "        right  eye  h%  "  "  "  "  Note  1 

5.        9th     Autopsy.     (See  below.) 

Intraperitoneal  Rabbit  No.  2. 
"         5.        9th     Instilled  left  eye  h%  tuberculin  precipitate.         Neg.  Neg.       Neg. 

10.       14th  "         right  eye  h7c  "  "  Note  2 

"       12.      16th     Autopsy.     (See  below.) 

Intraperitoneal  Rabbit  No.  3. 
"       17       21st      Instilled  left  eye  1%  tuberculin  precipitate.         Note  3  . .         Neg. 

18.      22d  "        right  eye  \%        "  "  "      3  . .        Note  3 

20.       24th     Autopsy.     (See  below.) 

Intraperitoneal  Rabbit  No.  4. 
"       30.      34th     Instilled  left  eye  |%  tuberculin  precipitate.         Note  3         . .  Neg. 

April      8.      43d  "        right  eye  1%  "  "  Neg.  Neg. 

"       16.      51st      Died.     Autopsy.     (See  below.) 
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Date. 


March    9. 
"       23. 
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INOCULATED  FOUR  RABBITS  SUBCUTANEOU8LY,  MARCH  2. 

Day.  No.  of  Rabbit,  Instillation,  etc.  18  hrs.       24  hrs.  48  hrs. 

Subcutaneous  Rabbit  No.  1. 
7th     Instilled  left  eye  j%  tuberculin  precipitate.         Neg.  Neg.       Neg. 

21st  "        right  eye  h% 

Abscess  at  seat  of  inoculation  at  this  date. 


Subcutaneous  Rabbit  No.  2. 
April    2.        31st      Instilled  left  eye  1%  tuberculin  precipitate. 
Abscess  discharging  at  this  date. 
14.         43d       Instilled  right  eye  1%  tuberculin  precipitate. 


Neg. 


Neg.       Neg. 


"      30. 


"      30. 
May     5. 


Subcutaneous  Rabbit  No.  3. 
59th     Instilled  left  eye  |%  tuberculin  precipitate.         Neg.  Neg.       Neg. 

Subcutaneous  Rabbit  No.  4. 
59th     Instilled  left  eye  |%  tuberculin  precipitate.         Neg.  Neg.       Neg. 

64th     Autopsies  done  on  all  subcutaneous  rabbits.  (See 
below.) 


INOCULATED  FOUR  RABBITS   INTRATHORACICALLT,  M.\RCH   13. 


Intrathoracic  Rabbit  No.  1. 
March  17.        5th     Instilled  left  eye  i%  tuberculin  precipitate. 
23.       11th  "        right  eye  |% 

"       25.      13th     Autopsy.     (See  below.) 

Intrathoracic  Rabbit  A^o.  2. 
"    30.         18th     Instilled  left  eye  f  %  tuberculin  precipitate. 
April  14.        33d  "        right  eye  1% 

"      16.        35th     Autopsy.     (See  below.) 


Neg. 


Note  3 
Neg. 


Neg.       Neg. 


Neg. 


Neg. 


Intrathoracic  Rabbit  No.  3. 
27th     Died. 

Autopsy.     (See  below.) 


Intrathoracic  Rabbit  No.  4. 
May    1.  50th      Instilled  left  eye  j%%tuberculin  precipitate. 

"        5.  54th     Autopsy.     (See  betow.) 


Neg. 


Neg.       Neg. 


INOCUL.\TED  FOUR  RABBITS  INTRAVENOUSLY,  MARCH   16. 


Intravenous  Rabbit  No.  1. 
March  20.        5th     Instilled  left  eye  |%  tuberculin  precipitate. 
"      24.       9th  "       right  eye  f  % 

26.      11th     Autopsy.     (See  below.) 


Neg. 


Neg.       Neg. 


Note  1. — A  very  faint  injection  of  the  vessels,  which  we  considered  negative.  It  did 
not  develop  until  forty-eight  hours. 

Note  2. — An  injection  very  slightly  more  marked  than  Note  1.  Since  this  is  the  only 
rabbit  in  which  we  obtained  this  result,  we  considered  it  negative. 

Note  3. — A  milky  discharge  from  the  inner  canthus;  not  pus,  unaccompanied  by  any 
injection  of  the  vessels.     Negative. 
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Date.  Day.  No.  of  Rabbit,  Instillation,  etc.  18  hrs.      24  hrs.      48  hra. 

Intravenous  Rabbit  No.  2. 
March  30.     loth      Instilled  left  eye  1%  tuberculin  precipitate.         Neg.  Neg.       Neg. 

April    10.       26th  "         right  eye  j%%       "  "  "  "  " 

12.      28th     Autopsy.     (See  below.) 

Intravenous  Rabbit  No.  3. 
14.        30th     Died  before  the  test  was  applied. 
Autopsy.     (See  below.) 

Intravenous  Rabbit  No.  4. 
"      30.        46th     Instilled  left  eye  j%%  tuberculin  precipitate.       Neg.  Neg.       Neg. 

May      5.        olst      Autopsy.     (See  below.) 


VON   PIRQUET   (scarification)   AND   MORO    (oINTMENT)   TEST 
EXPERIMENTS. 

Date.  Day.  No.  of  Rabbit,  Test,  etc.  Results. 

24  hrs.  48  hrs. 

Normal  Rabbit  No.  2. 

.May  2.  . .  Scarification  test Neg.  Neg. 

"  Ointment  test 

Normal  Rabbit  No.  3. 

Scarification  test Neg.  Neg. 

Ointment  test 

Toxin  Rabbit  No.  1. 

24th  Scarification  test Neg.  Neg. 

Ointment  test 

Toxin  Rabbit  No.  2. 

Scarification  test Neg.  Neg. 

"  Ointment  test 

Intrathoracic  Rabbit  No.  4. 

51st  Scarification  test Neg.  Neg. 

"  "  Ointment  test        .      .    ' 

Intravenous  Rabbit  No.  4. 

48th  Scarification  test Neg.  Neg. 

"  Ointment  test 

Subcutaneous  Rabbit  No.  1. 

"  61st  Scarification  test Neg.  Neg. 

"  Ointment  test 

Subcutaneous  Rabbit  No.  2. 

Scarification  test Neg.  Neg. 

"  Ointment  test 

Note. — Scarification  test    solution.  20  per  cent.  Koch's  old  tuberculin.     Ointment  test 
solution,  equal  parts  tuberculin  original  and  lanolin  (anhydrous). 
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EXPERIMENTS  TO  DETERMINE  WHETHER  THE  CONJUNCTIVAL  TIS- 
SUES CAN  BE  SENSITIZED  BY  THE  INSTILLATION  OF  TUBERCULIN 
PRECIPITATE;  WHETHER  THIS  RESULTS  FROM  FREQUENTLY 
REPEATED  INSTILLATIONS  OR  FROM  INSTILLATIONS  MADE  AT 
LONGER   INTERVALS;   ANT)  THE  TIME  REQUIRED  TO  SENSITIZE. 

Three  rabbits  were  used:  two  normal  (normal  No.  1  and  normal 
No.  2),  one  tuberculous  (subcutaneous  Xo.  1). 


Normal  Rabbit  No 

.  1. 

Dale. 

Day. 

Eye. 

No 

.  of  Instillation. 

Strength  of 
tuberculin. 

Result. 
24  hra. 

Feb.  28. 

1st 

Left 

First 

h  % 

Neg. 

April  2. 

35th 

Left 

Second 

1   % 

" 

5. 

38th 

Right 

First 

(See  autopsy.) 

1   % 

Normal  Rabbit  N 

0.  2. 

"      2. 

1st 

Left 

First 

1    % 

Neg. 

"      3. 

2d 

Left 

Second 

1   % 

" 

"      5. 

4th 

Left 

Third 

1   % 

Note  1 

"      6. 

5th 

Left 

Fourth 

1   % 

"     2 

"      7. 

6th 

Left 

Fifth 

1   % 

Neg. 

"      8. 

7th 

Right 

First 

1   % 

" 

May     1. 

30th 

Right 
Subcutaneous 

Rabbit 

Second 
No.  1. 

A% 

March  9. 

1st 

Left 

First 

i  % 

Neg. 

"     25. 

15th 

Right 

First 

f  % 

" 

April     2. 

24th 

Left 

Second 

1  % 

" 

3. 

25th 

Left 

Third 

1  % 

•• 

5. 

27th 

Left 

Fourth 

1  % 

Note  3 

6. 

28th 

Left 

Fifth 

1  % 

Neg. 

7. 

29th 

Left 

SLxth 

1  % 

" 

8. 

30th 

Right 

Second 

1  % 

*• 

"      30. 

52d 

Left 

Seventh 

T%% 

" 

Note  1. — Very  slight  injection  of  vessels,  a  milky  fluid  from  inner  canthus,  and  a  sticky 
granular  appearance  of  conjunctivse. 

Note  2. — Some  swelling  of  conjunctiva  at  inner  canthus;  injection  of  vessels  equal  in  both 
eyes. 

Note  3. — A  very  slight  injection  of  vessels. 


EXPERIMENT  TO  DETERMINE  IF  THE  SUBCUTANEOUS  INJECTION  OF 
TUBERCULIN  WILL  SENSITIZE  THE  TISSUES  OF  THE  EYE  TO  THE 
TUBERCULIN  PRECIPITATE,  AND  IF  EYES  WHICH  HAD  ALREADY 
BEEN  INSTILLED  WOULD   SHOW  ANY  INFLAMMATORY  REACTION. 


Three  rabbits  were  used:  Normal  rabbit  No.  3,  an  animal  on 
which  no  work  had  been  done;  normal  rabbit  No.  2,  whose  eyes 
had  been  tested  (see  sensitizing  experiment) ;  intraperitoneal  rabbit 
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No.  4,  whose  eyes  also  had  been  tested  (see  conjunctival  tuberculin 
tables). 

As  shoAvn  in  the  accompanying  tables,  the  temperatures  of  these 
rabbits  were  taken  three  times  a  day  for  three  successive  days;  -^^ 
c.c.  of  Koch's  old  tuberculm  was  injected  subcutaneously  into  each 
rabbit  on  the  fourth  day  at  8  a.m.,  and  temperatures  were  taken  at 
12  noon  and  every  two  hours  thereafter  until  6  p.m.,  and  again  at  8 
A.M.  of  the  next  day.     (See  tables.) 


Date. 
\pril  9. 
9. 
"  10. 
"  10. 
"  10. 
"  11. 
"  11. 
"  11. 
"  12. 
"  12. 
"  12. 
"  12. 
"      13. 


Time. 

2  P.M. 

5     " 

8  A.M. 
12  M. 

5  P.M. 

8  A.M. 
12  M. 

5  P.M. 

8  A.M. 
12  M. 

2  P.M. 

4     " 

8  A.M. 


Intraperitotieal 

Normal  A'^o. 

3. 

Normal  No.  2. 

No.  4. 

101.1 

101.0 

102.3 

100.4 

101.2 

102.4 

99.0 

103.2 

101.1 

101.1 

101.3 

100.3 

100.2 

102.4 

99.4 

100.0 

102.3 

100.4 

100.0 

103.2 

102.0 

101.0 

104.0 

j^  c.c.  tuberculin  subcutaneously. 

101.3 

100.0 

103.4 

102.1 

101.1 

104.2 

102.2 

100.1 

103.4 

101.2 

100.1 

103.2 

During  the  forty-eight  hours  following  the  subcutaneous  injection 
of  tuberculin  in  normal  rabbit  No.  2  and  intraperitoneal  rabbit 
No.  4,  the  conjunctival  conditions  were  watched,  but  no  change 
occurred.  The  following  table  will  show,  in  the  case  of  the  first 
two  animals,  by  how  many  days  the  various  eye  instillations  pre- 
ceded the  subcutaneous  mjection,  and,  in  the  case  of  the  third 
animal,  the  number  of  days  mtervening  between  the  subcutaneous 
injection  and  the  various  tests. 


TABLE    OF    RESULTS. 

Normal  Rabbit  No.  2. 


Date. 

Day. 

Instillation,  etc. 

24  hrs. 

48  hrs 

April     2. 

nth 

Instilled  left  eye  1%  tuberculin  precipitate. 

Neg. 

Neg. 

3. 

lOth 

Reinstilled  left  eye  1% 

" 

5. 

8th 

"      "    1%        " 

Table. 

6. 

7th 

1%        " 

" 

7. 

6th 

"        _     "      "    1%        " 

Neg. 

8. 

5th 

Instilled  right  eye     1%        "                   " 

" 

"      12. 

1st 

Subcutaneous  tuberculin  test. 
No  eye  changes  occurred. 

Intraperitoneal  Rabbit  No.  4. 

March  30. 

14th 

Instilled  left  eye  |%  tuberculin  precipitate. 

Neg. 

Neg. 

April       8. 

5th 

right  eye  1%        " 

" 

12. 

1st 

Subcutaneous  tuberculin  test. 
No  eye  changes  occurred. 
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Normal  Rabbit  No.  3. 

Dale. 

Day. 

Instillation,  etc. 

April  12. 

1st 

Subcutaneous  tuberculin  test. 

"      18. 

7th 

Instilled  left  eye  1%  tuberculin  precipitate. 

"      30. 

19th 

right  eye  ^^o% 

May     2. 
2. 

21st 

Scarification  test. 
Ointment  test. 

24  hrs.  48  hrs. 

Neg.  Neg. 


EXPERIMENT  TO  DETERMINE  IF  TUBERCLE  BACILLI  TOXIN,  INJECTED 
INTO  NON-TUBERCULOUS  RABBITS,  WILL  CAUSE  THESE  RABBITS 
TO  REACT  TO  THE  CONJUNCTIVAL,  SCARIFICATION,  AND  OINT- 
MENT  TESTS. 

Two  rabbits,  called  toxin  rabbit  No.  1  and  No.  2,  each  inocu- 
lated with  -^Q  c.c.  of  the  tubercle  toxin  intraperitoneally. 

Date.  Day.  No.  of  Rabbit,  Instillation,  etc.  24  hrs.        48  hrs. 

April     9.  1st  Inoculated  2  rabbits. 

Toxin  Rabbit  No.  1. 
"     10.  2d  Instilled  left  eye  1%  tuberculin.  Neg.  Neg. 

May     1.  23d  "         right  eye  j%%       " 

"        2.  24th  Scarification  test  (20%  Koch's  old  tuberculin).  "  " 

2.  24th  Ointment  test  (equal  parts  of  tuberculin  (T.O.) 

and  anhydrous  lanolin). 
6.  28th         Autopsy.     (See  below.) 

Toxin  Rabbit  No.  2. 
April  10.  2d  Instilled  left  eye  1%  tuberculin.  Neg.  Neg. 

May     1.  23d  "         right  eye  .  .  " 

2.  24th         Scarification  test  (Koch's  old  tuberculin).  " 

"        2.  "  Ointment  test. 

6.  28th         Autopsy.     (See  below.) 


AUTOPSIES. 

Intraperitoneal  Rabbit  No.  1,  March  5,  Ninth  Day. 

Point  of  inoculation,  negative.  Abdominal  cavity:  five  or  six 
small  tubercles  on  the  liver;  staining  shows  tubercle  bacilli.  Two 
very  small  white  masses  on  the  mesentery  also  show  tubercle  bacilli; 
spleen,  stomach,  omentum,  kidneys,  postperitoneal  and  mesenteric 
glands,  normal.  There  is  an  adhesion  between  the  liver  and 
stomach  which  is  not  very  recent  and  probably  not  connected  with 
the  tuberculous  process.     Thoracic  cavity,  normal. 
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Intraperitoneal  Rabbit  No.  2,  March  12,  Siodeenth  Day. 

Point  of  inoculation  shows  a  small  tubercle;  staining  shows 
tubercle  bacilli.  Abdominal  cavity:  extensive  tuberculosis  of  the 
omentum  and  mesentery.  Liver  and  spleen  greatly  enlarged  and 
many  tubercles  scattered  throughout  the  organs.  Postperitoneal 
and  mesenteric  glands  not  enlarged;  smears  from  liver,  spleen, 
omentum,  and  mesentery  positive  for  tubercle  bacilli.  Thoracic 
cavity  normal.  An  interesting  anomaly  in  this  rabbit  is  a  trans- 
position of  the  abdominal  viscera. 

Intraperitoneal  Rabbit  Xo.  3,  March  20,  Twenty-fourth  Day. 

Point  of  inoculation  shows  a  small  tubercle  in  both  the  skin  and 
peritoneum.  Smears  positive  for  tubercle  bacilli.  Abdominal 
cavity:  intense  injection  of  omentum  and  mesentery  with  small 
tubercles.  Smears  positive  for  tul^ercle  bacilli.  Mesenteric  glands 
enlarged  and  show  tubercle  bacilli  on  staming.  Postperitoneal 
glands  normal.  Liver  slightly  enlarged,  and  shows  a  few  tubercles. 
Spleen  normal  in  size,  with  a  very  few  tubercles.  Smears  from 
both  organs  positive  for  tubercle  bacilli.  Thoracic  cavity:  a  few 
slight  pericardial  adhesions;  smears  negative  for  tubercle  bacilli. 
Lungs  and  pleura  normal;  smears  negative  for  tubercle  bacilli. 

Intraperitoneal  Rabbit  Xo.  4,  April  16,  Fifty-first  Day. 

Rabbit  died.  Point  of  moculation  shows  a  large  cheesy  tubercle; 
smears  positive  for  tubercle  bacilli.  Abdominal  cavity:  omentum 
contracted  and  massed  together  by  tuberculous  adhesions;  mesen- 
tery and  parietal  peritoneum  con  tarn  enormous  numbers  of  tubercles ; 
mesenteric  and  postperitoneal  glands  enlarged;  liver  and  spleen 
attached  to  stomach  by  adhesions  and  studded  with  tubercles ;  both 
are  greatly  enlarged.  Kidneys  swollen  and  congested.  Smears 
from  all  these  organs  except  the  kidneys  are  positive  for  tubercle 
bacilli.  Thoracic  cavity:  a  few  tubercles  throughout  the  right  lung 
and  in  the  right  pleura.  Smears  positive  for  tubercle  bacilli.  Left 
lung  and  pleura  normal;  heart  normal;  thoracic  glands  normal. 
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Subcutaneous  Rabbits,  May  5,  Sixty-fourth  Day. 

No.  1.  A  large,  partially  broken  mass  at  the  seat  of  inoculation. 
No  appreciable  enlargement  of  the  subcutaneous  glands.  Abdom- 
inal cavity  negative.  Thoracic  cavity:  both  lungs  and  pleura  and 
pericardium  studded  with  tubercles,  smears  positive  for  tubercle 
bacilli;  substernal  glands  swollen,  smears  from  which  show  tubercle 
bacilli;  extensive  pericardial  adhesions. 

No.  2.  Abscess,  which  formed  at  the  seat  of  inoculation,  dis- 
charged, leaving  a  partially  healed  ulcer.  A  cham  of  enlarged 
glands  runs  from  this  point  (the  left  side,  midway  between  the  front 
and  rear  legs)  to  the  axilla.  Axillary  glands  enlarged;  these  glands 
all  show  tubercle  bacilli  in  smears.  Abdominal  cavity  negative. 
Thoracic  cavity  shows  a  slightly  more  extensive  involvement  than  in 
rabbit  No.  1  of  this  series. 

No.  3.  A  large,  partially  broken  down  tuberculous  mass  at  seat  of 
inoculation.  No  subcutaneous  glandular  involvement.  Abdominal 
cavity  negative.  Thoracic  cavity:  a  few  tubercles  in  the  lungs, 
pleura  practically  free.  Pericardium  normal;  substernal  glands 
enlarged  and  contain  tubercle  bacilli. 

No.  4.  Cutaneous  appearance  the  same  as  No.  3  of  this  series. 
Abdominal  cavity:  a  few  white  nodules,  not  suggestive  of  tubercles, 
on  the  right  kidney;  smears  negative  for  tubercle  bacilli.  Thoracic 
cavity:  a  slightly  more  extensive  involvement  of  the  lungs  than  No. 
3  of  this  series.  Substernal  glands  slightly  enlarged.  Pericardium 
normal.  Smears  from  lungs  and  substernal  glands  show  tubercle 
bacilli. 

Intrathoracic  Rabbits. 

No.  1.  ^larch  25,  thirteenth  day:  The  needle  at  moculation  passed 
through  the  lower  point  of  the  thoracic  cavity,  through  the  dia- 
phragm, into  the  abdominal  cavity.  There  is  a  tubercle  at  the  skin 
entrance;  pleura  and  diaphragm  all  positive  for  tubercle  bacilli. 
Abdominal  cavity:  the  omentum  and  mesentery  mvolved  to  about 
the  same  extent  as  intraperitoneal  rabbit  No.  2.  The  mesenteric 
glands  are  enlarged  and  are  positive  for  tubercle  bacilli.  The  post- 
peritoneal  glands  normal.  Liver  shows  many  tubercles  along  ante- 
rior edge;   the  posterior  and  subsurface  are  comparatively  free; 
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smears  positive  for  tubercle  bacilli;  spleen  macroscopically  normal. 
Smears  negative  for  tubercle  bacilli.  Thoracic  cavity  normal.  Sec- 
tions of  lung  tissue  negative.  Smears  from  lungs  negative  for 
tubercle  bacilli. 

No.  2.  April  16,  thirty-fifth  day:  A  cutaneous  and  pleural  tubercle 
at  point  of  inoculation;  smears  positive  for  tubercle  bacilli.  Lungs 
in  an  advanced  state  of  tuberculosis ;  cavities  in  both  apices.  Pleura 
and  pericardium  extensively  involved;  substernal  glands  only 
slightly  enlarged,  but  show  tubercle  bacilli  on  staining.  Smears 
from  all  mentioned  organs  positive  for  tubercle  bacilli.  Abdominal 
cavity  negative. 

No.  3.  April  8,  twenty-seventh  day:  The  needle  in  this  rabbit,  at 
inoculation,  did  as  in  No.  1  rabbit,  and  there  is  extensive  tubercu- 
losis of  the  organs  in  both  the  thoracic  and  peritoneal  cavities.  As 
is  shown  in  the  accompanying  table,  this  rabbit  died  without  any 
conjunctival  tests  having  been  done. 

No.  4.  May  5,  fifty-fourth  day:  A  large  tubercle  at  point  of  inoc- 
ulation; smears  positive  for  tubercle  bacilli.  Abdominal  cavity 
negative.  Thoracic  cavity:  left  lung  shrunken  and  attached  to 
pleura  posteriorly,  studded  with  tubercle;  same  right  lung;  a  large 
cavity  in  apex.  Pleura  and  substernal  glands  extensively  involved. 
Smears  positive.     Abdommal  cavity  negative. 

Intravenous  Rabbits. 

No.  1.  March  26,  eleventh  day:  A  small  tubercle  at  point  of  inoc- 
ulation in  left  ear.  Smears  positive  for  tubercle  bacilli.  Beginning 
tuberculosis  of  lungs,  liver,  and  spleen.  No  appreciable  glandular 
involvement  at  any  point. 

No.  2.  April  10,  twenty-sixth  day.  A  large  tubercle  at  point  of 
inoculation  in  left  ear,  with  a  few  small  glands  at  base  of  ear.  Gen- 
eral miliary  tuberculosis  involving  the  lungs,  pleura,  pericardium, 
substernal  glands,  liver,  spleen,  omentum,  peritoneum,  mesentery, 
postperitoneal  and  mesenteric  glands. 

No.  3.  April  14,  thirtieth  day:  Died.  Autopsy  picture  practically 
the  same  as  intravenous  rabbit  No.  2. 

No.  4.  May  5,  fifty-first  day:  A  large  tubercle  m  left  ear  at  pomt 
of  inoculation,  extending  down  to  base  and  involving  the  glands  in 
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this  region.  Abdominal  cavity  negative.  Thoracic  cavity  negative 
except  for  an  early  tuberculosis  of  both  lungs.  We  evidently  did 
not  enter  the  vein  in  this  rabbit  at  the  time  of  inoculation. 

Normal  Rabbits. 

No.  1.  May  6:  Normal  throughout,  except  for  a  few  tubercles  in 
left  lung.     Smears  from  lung  positive  for  tubercle  bacilli. 
No.  2.  May  6:  Normal. 
No.  3.  Mav6:  Normal. 


Toxin  Rabbits. 


No.  1.  May  6:  Normal. 
No.  2.  Mav  6 :  Normal. 


DISCUSSION. 

Dr.  M.  J.  RosENAu:  Bearing  on  this  subject,  it  may  be  rather  interesting^ 
to  call  attention  briefly  to  some  experiments  that  Dr.  Anderson  and  I  made  on. 
ourselves  and  ten  of  our  colleagues  and  associates  a  few  months  ago.  Briefly 
the  facts  are:  That  the  normal  conjunctiva  of  a  non-tuberculous  subject  may 
be  sensitized  by  the  instillation  of  tuberculin.  In  the  experiments  which  we 
made  the  interval  between  the  first  and  the  second  application  was  fifty-one 
days,  and  the  reaction  which  followed  was  marked  by  the  rapidity  with  which 
it  came  on  and  the  severity  which  characterized  it.  In  fact,  we  were  fearful 
in  one  instance  for  the  safety  of  the  eye.  The  lessons  that  we  draw  from  this 
were  that  such  a  reaction  has  no  clinical  significance  so  far  as  the  presence  of 
tuberculosis  is  concerned,  and  from  the  general  standpoint  of  anaphylaxis  it 
seems  to  us  to  show  the  uselessness  of  this  state;  that  is,  a  tissue  that  is  able  to 
respond  so  cjuickly  to  an  infection  is  in  a  condition  to  focus  upon  that  point  all 
of  Nature's  immunizing  forces  or  agencies.  The  blood  serum  and  the  anti- 
bodies contained  in  it,  as  well  as  the  cells,  are  concentrated  at  the  point  where 
they  were  most  needed. 

Dr.  William  P.  Northrup:  I  would  like  to  ask  if  in  these  tests  three 
points  of  inoculation  were  used,  one  as  a  control,  one  in  a  certain  strength,  and 
another  of  double  that  strength  ?  In  talking  with  Dr.  Baldwin,  he  said  it  seemed 
to  him  that  the  control  might  well  be  inoculated  with  a  plain  simple  broth,  that 
it  was  different  from  leaving  it  alone,  and  different  from  using  salt  solution. 
That  one  of  the  three  might  have  a  half  strength,  and  the  third  a  double  strength; 
that  is,  five  and  ten  for  the  second  and  third. 
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I  am  quite  in  accord  with  the  readers  of  the  papers  in  believing  that  the 
Calmette  reaction  is  dangerous.  I  also  agree  with  them  in  saying  that  the  von 
Pirquet  is  reliable  and  satisfactory.  I  think  I  shall  not  try  the  method  suggested 
by  Dr.  Baldwin,  the  control  covered  with  a  broth,  without  the  old  tuberculin,  and 
the  other  with  two  strengths,  making  three  inoculations.  A  very  good  way  of 
making  the  inoculation  is  to  take  a  tiny  screwdriver.  In  lieu  of  that  a  better 
instrument  is  that  recommended  by  Dr.  Baldwin  and  Dr.  Trudeau,  but  I  cannot 
recall  the  exact  name  of  the  instrument. 

Dr.  Greene:  In  our  own  tests  we  did  not  use  the  three  points  suggested; 
and  while  I  think  the  suggestion  is  a  good  one,  it  seemed  to  me  from  what  I 
have  seen  in  the  literature  that  the  inoculation  of  an  additional  point  apparently 
made  very  Kttle  difference.  Von  Pirquet  himself  recommends  a  special  instru- 
ment which  is  very  much  on  the  principal  of  that  described.  But  it  is  not  neces- 
sary to  use  that  or  any  special  instrument.  Amihing  that  will  bring  about  a 
little  scarification  at  the  point  used  seems  to  be  altogether  sufficient. 

Dr.  S.  McC.  Hamill:  In  response  to  Dr.  Northrup's  question,  I  would 
say  that  we  used  three  points  of  scarification,  and  salt  solution  as  a  control.  I 
am  not  at  all  sure  that  Dr.  Baldwin's  suggestion,  which  I  have  discussed  with  him, 
will  prove  of  as  much  help  as  he  believes.  A  few  evenings  ago,  in  talking  with 
Dr.  Rowland,  of  New  York,  he  told  me  that  he  had  been  getting  practically  the 
same  results  in  the  use  of  a  1  per  cent,  solution  that  he  had  gotten  in  the  use  of 
a  10  per  cent,  solution.  Dr.  Baldwin's  idea,  as  I  understand  it,  is  to  make  the 
test  of  more  diagnostic  value  by  using  weaker  solutions. 

Dr.  Edward  R.  B.\xdwix:  \Yhat  Dr.  Hamill  has  just  said  is  practically 
what  I  would  have  to  say  in  discussing  it,  that  is,  that  we  must  try  to  get  the 
reaction  from  as  small  a  dose  as  possible  in  order  to  draw  any  correct  conclusion 
in  a  diagnostic  way.  Our  experience  in  the  use  of  the  test  as  a  means  of  prog- 
nosis is  not  very  great,  but  it  never  appealed  to  me  very  much  as  a  means  of 
prognosis  on  theoretical  grounds.  The  cases  in  which  the  prognosis  has  been 
predicated  on  the  result  of  the  reaction  were  most  of  them  advanced  hospital 
cases,  and  it  does  not  seem  that  it  has  any  great  advantage  in  that  respect,  and 
for  the  incipient  cases,  which  we  know  react  rather  markedly  in  all  forms  of 
tuberculosis — recent  pulmonary  tuberculosis  in  particular  reacts  rather  markedly 
to  the  test — it  does  not  seem  that  it  has  very  much  prognostic  value.  However, 
I  am  not  able  to  produce  any  evidence  to  that  effect. 


ON  THE  RELATION  OF  THE  PARATH\T^OID  GLAND  TO 
CALCIUM  METABOLISM  AND  TO  TETAm:^ 


By  W.  G.  MacCALLUM,  M.D., 

BALTIMORE, 
AND 

CARL  VOEGTLIN,  Ph.D., 

JOHNS    HOPKINS    UNIVERSITY,    BALTIMORE. 


The  work  of  Sabbatani,  Roncoroni,  and  others,  and  especially 
that  of  J.  Loeb  and  of  J.  B.  MacCallum,  has  indicated  an  important 
relationship  between  nervous  and  muscular  activity  and  the  calcium 
content  of  those  tissues.  It  has  tended  to  show  that  the  hyper- 
excitability  produced  by  certain  substances  may  be  counteracted 
by  the  introduction  of  fresh  solutions  of  a  salt  of  calcium,  and  that 
these  substances  are  such  as  withdraw  or  impoverish  the  calcium  con- 
tent of  the  tissues.  Quest,  Cybulski,  and  others  have  made  analyses 
of  the  brains  of  infants  dying  of  tetany,  and  have  found  them  poor 
in  calcium,  and  there  has  been  much  dispute  concerning  the  relation 
of  certain  constituents  of  the  diet  of  these  children  to  the  tetany,  and 
especially  concerning  the  connection  of  calcium  with  this  disease. 

We  have  studied  primarily  the  changes  in  metabolism  which  follow 
the  extirpation  of  the  parathyroid  glands  in  dogs,  with  the  consequent 
tetany,  and  have  paid  especial  attention  to  the  disturbances  in  the 
relations  of  the  mineral  salts.  This  led  to  attempts  to  influence  the 
course  of  the  tetany  by  the  administration  of  such  mineral  substances 
as  are  concerned  in  normal  metabolism,  and  it  was  found  that  all  of 
the  violent  symptoms  of  tetany,  convulsions,  muscular  twitchings, 
and  rigidity,  tachypnea,  fibrillary  tremors,  etc.,  could  be  stopped  with 
astonishing  rapidity  by  the  intravenous  injection  of  any  soluble  salt 
of  calcium.  The  same  result  was  obtained  by  subcutaneous  injection 
or  by  administration  by  mouth,  but  much  more  slowly.    Such  com- 
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plete  relief  from  the  symptoms  lasts  for  a  day  or  two,  but  when  they 
reappear  a  second  dose  will  be  followed  by  the  same  beneficial 
results.  Such  effects  could  be  produced  completely  satisfactorily 
only  by  the  use  of  calcium,  although  magnesium  salts,  when  intro- 
duced in  the  same  way,  anesthetize  the  animal  and  stop  the  tetanic 
symptoms.  Strontium  salts  gave  unsatisfactory  results.  The  salts 
of  sodium  and  potassium  either  fail  to  affect  the  symptoms  at  all 
or  seem  rather  to  make  them  worse.  Large  doses  of  sodium  bicar- 
bonate given  to  test  the  effect  of  its  alkaline  character,  on  the  idea 
that  tetany  might  be  regarded  simply  as  an  acid  intoxication,  also 
gave  unsatisfactory  results,  for  while  one  or  two  animals  continued  to 
show  symptoms  until  next  day,  when  they  calmed  down,  others 
never  recovered  from  the  violence  of  the  attack  and  succumbed 
within  a  few  hours.  The  contrast  between  this  and  the  swift  and 
certain  recovery  after  a  dose  of  a  salt  of  calcium  is  extremely  striking, 
and  we  suppose  that  there  is  a  very  direct  and  intimate  relation 
between  disturbances  in  the  calcium  content  of  the  tissues  and  the 
tetany.  This  would  harmonize  well  with  the  results  of  the  authors 
mentioned  above. 

Study  of  the  changes  in  metabolism  were  made  during  fasting,  and 
the  calcium  content  of  the  blood  and  of  the  central  nervous  system 
of  the  parathyroidectomized  animals  was  estimated  and  compared 
with  that  of  normal  animals. 

The  amount  of  calcium  concerned  in  all  these  estimations  was 
small,  i)ut  the  results  of  the  analvses  agree  well  with  what  one  miffht 
expect  from  the  foregoing  experiments.  Of  course,  it  is  well  known 
that  the  estimation  of  calcium  metabolism  from  a  study  of  excreta 
is  difficult  and  unsatisfactory,  even  when  a  constant  amount  of 
calcium  is  taken  in  with  the  food,  on  account  of  the  great  variations 
in  the  degree  of  absorption  and  secondary  excretion.  In  order  to 
diminish  this  so  far  as  possible,  the  condition  of  fasting  was  main- 
tained before  and  after  the  operation,  water  only  being  given. 
Briefly  stated,  it  was  found  that  the  output  of  calcium  under  these 
circumstances  in  urine  and  feces  decreased  during  the  first  two  or 
three  days  of  starvation  until  it  reached  a  sort  of  equilibrium.  With 
the  development  of  tetany,  however,  the  curve  rose  markedly, 
whereas  in  normal  dogs  it  maintained  its  level.     It  is  noteworthy  that 
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in  those  dogs  from  which  it  was  thought  that  all  the  parathyroids  had 
been  removed,  but  which  did  not  develop  tetany  on  account  of  the 
presence  of  an  accessory  parathyroid  (discovered  later  at  autopsy), 
the  curve  remained  level,  showing  that  even  that  minute  remnant  of 
parathyroid  tissue  was  suflScient  to  maintain  the  normal  calcium 
metabolism. 

Anaylsis  of  the  brains  of  animals  killed  or  dying  in  tetany  showed 
a  calcium  content  about  half  that  of  the  normal  control  animals. 
Similarly,  the  blood  of  dogs  bled  or  killed  during  tetany  contained 
about  half  as  much  calcium  as  that  of  the  control  animals  which  had 
been  treated — except  for  the  parathyroid  tetany — in  precisely  the 
same  way.  The  blood  of  the  tetanic  animals  showed  a  remarkably 
high  ammonia  content,  which  suggested  the  idea  of  an  acid  intoxi- 
cation referred  to  above. 

On  the  whole,  it  seems  probable  that  the  function  of  the  parathy- 
roid glands  is  in  some  remarkable  way  connected  with  the  control  of 
the  absorption,  assimilation,  and  excretion  of  calcium,  so  that  when 
this  function  is  in  abeyance  or  annulled  by  the  destruction  of  the 
glands  the  withdrawal  of  calcium  from  those  tissues  which  depend 
upon  it  for  the  modification  of  their  activities  is  greater  than  its  rein- 
troduction.  Consequently,  such  tissues  as  the  central  nervous 
system  become  impoverished  as  regards  calcium,  and  the  hyper- 
excitability  so  frequently  described  ensues. 

As  to  the  exact  mechanism  by  which  the  parathyroid  accomplishes 
this  function  we  can  as  yet  form  no  very  satisfactory  conception. 

It  seems,  however,  that  the  facts  can  be  employed  with  advantage 
in  practical  therapeutics,  and  Dr.  Musser  will  doubtless  add  to  this 
report  in  his  discussion  the  history  of  a  case  which  recently  came 
under  his  care,  and  in  which  we  were  privileged  to  observe  the  cura- 
tive effect  of  doses  of  calcium  lactate  upon  the  most  violent  symp- 
toms of  tetany  following  upon  the  extirpation  of  a  carcinoma  of  the 
thyroid  in  a  woman. 

The  details  of  the  work,  of  which  this  is  merely  a  preliminary 
report,  will  be  published  soon  in  the  Journal  of  Experimental  Medi- 
cine. 
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DISCUSSION. 

Dr.  John  H.  Musser:  The  case  was  one  of  adenocarcinoma  involving 
the  th}Toid  gland,  the  l\Tnphatic  glands,  and  other  structures  of  the  neck,  and  an 
operation  of  necessity  was  required  in  order  to  relieve  strangulation.  The 
parathyroids  were  evidently  removed.  Five  days  after  the  operation  tetany 
set  in  and  pursued  a  course  very  like  that  which  Dr.  INIacCallum  related  to  me 
occurred  in  his  artificial  tetany:  First,  the  occurrence  of  depression,  distress 
in  the  lower  part  of  the  abdomen,  \v4th  complaint  of  a  band-hke  constriction, 
followed  by  tremor  of  the  tongue,  and  then  followed  by  the  usual  phenomena 
in  the  extremities.  With  it  were  associated  the  other  well-known  phenomena 
of  tetany.  The  patient  was  given  large  doses  of  the  lactate  of  calcium,  and  as  a 
result  the  symptoms  were  reheved.  I  am  bound  to  say  that  we  were  compelled 
to  give  morphine  also  for  a  time.  After  the  cessation  of  the  s^Tuptoms  the  calcium 
was  withdrawn,  and  at  the  end  of  forty-eight  to  seventy-two  hours  the  svTuptoms 
recurred,  moderately  at  first,  increasing  in  severity,  so  that  we  returned  again  to 
the  administration  of  calcium,  and  again  the  patient  had  relief.  The  observa- 
tions have  not  the  precision  of  those  of  the  laboratory,  and  we  must  be  rather 
guarded  in  our  conclusions,  for  there  were  qualifying  circumstances.  Never- 
theless we  attempted  to  control  all  the  conditions  which  might  have  influenced 
the  recurrence  of  the  tetany.  During  the  period  of  the  administration  of  the 
calcium  Dr.  Goodman  studied  the  urine.  He  will  give  a  preliminary  report  of 
his  studies. 

Dr.  Edward  H.  Goodman:  The  chemical  analyses  of  the  case  of  Miss  B 
are  still  under  way,  and  the  following  is  to  be  considered  merely  as  a  preliminary 
report.  A  general  idea  of  the  work  may  be  had  from  a  study  of  the  table  which  I 
pa^  around.  Daily  examinations  of  the  urine  for  total  nitrogen,  ammonia,  urea, 
uric  acid,  purin  bases,  creatinin,  calcium,  and  magnesium  were  made  in  addition 
to  the  usual  routine  examination  for  albumin,  sugar,  indican,bile,  urobilin,  acetin, 
diacetic  acid,  and  albumose.  The  feces  were  examined  for  magnesia  and  calcium. 
The  urine  was  collected  at  stated  times  and  sent  to  Dr.  Musser's  laboratory,  with 
an  ounce  of  chloroform.  The  feces  were  also  collected  for  twenty-four  hours 
when  possible,  although  there  was  persistent  constipation,  which  precluded  daily 
examinations.  The  food  ingested  was  carefully  weighed  or  measured,  and 
consisted  for  the  most  part  of  milk,  broths,  and  eggs.  The  calcium  medication 
consisted  of  calcium  lactate  and  calcium  hypophosphite,  both  of  which  was 
converted  into  terms  of  CaO  and  added  to  the  amount  of  calcium  in  the  food 
reckoned  as  oxide.  The  sum  total  is  expressed  in  the  column  "CaO  intake." 
The  amounts  of  calcium  in  the  urine  and  feces  were  added  together  and  sub- 
tracted from  the  intake,  and  the  result  is  expressed  in  column  "Balance,"  either 
as  plus,  meaning  retention  in  the  body  of  so  many  grams,  or  as  minus,  meaning 
withdrawal  of  calcium  from  the  body  tissues. 
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It  will  be  apparent  at  a  glance  that  only  once  in  the  course  of  the  disease  was 
there  a  withdrawal  of  calcium  from  the  body,  and  this  was  April  1  and  2,  the  day 
of  the  appearance  of  the  carmine  stool  marking  the  stopping  of  calcium  medica- 
tion. This  lasted  only  one  day,  and  on  the  resumption  of  calcium  medication 
was  followed  by  a  calcium  retention,  which  persisted  until  the  end  of  the  study 
of  the  case.  The  fact  that  the  feces  did  not  come  to  the  laboratory  every  day 
of  course  make  the  retention  very  marked  on  some  days,  as  the  greater  part  of 
the  calcium  is  found  in  the  stools.  What  the  result  would  have  been  had 
the  patient  been  kept  off  calcium  medication  after  April  2  is  unfortunately 
unknown,  as  the  symptoms  became  so  marked  that  Dr.  Musser  was  obliged  to 
resume  the  administration  of  calcium,  with  good  results,  as  he  has  already  stated. 

The  urinary  calcium  is  very  low,  while  the  feces  calcium  is  high;  an  explana- 
tioji  cannot  be  offered  at  present,  but  has  been  observed  before  in  two  cases  of 
infantile  myxedema,  as  stated  in  v.  Noorden's  Handb.  d.  Path,  des  Stoffwechsels. 
The  extirpation  of  the  thyroid  influences  everything,  and  calcium  retention  has 
been  observed  by  INIagnus  Levy  after  thyroidectomy. 

The  striking  thing  to  my  mind  is  the  high  percentage  of  urinary  ammonia, 
this  being  especially  marked  when  the  tetany  was  most  pronounced  (April 
3  and  4). 

The  drop  after  resumption  of  calcium  at  that  time  is  very  remarkable.  Again, 
on  April  12  and  13,  when  the  rigidity  was  extreme,  the  ammonia  increased, 
falling  when  the  rigidity  became  less. 

So  far,  from  a  study  of  the  work,  it  seems  to  me  that  tetany  is  an  expression 
rather  of  disturbed  organic  metabolism  than  of  inorganic  nature.  If  the  latter, 
then,  by  the  continued  use  of  calcium  the  symptoms  should  be  held  in  abeyance, 
and  the  patient  should  suffer  no  remittance  of  tetany  as  takes  place  in  this 
patient,  despite  the  enormous  calcium  reserve  at  her  organism's  disposal,  due  to 
the  successive  storing  up  of  calcium  as  seen  by  the  chart. 

The  disease  seems  to  me  at  present,  based  merely  on  a  consideration  of  the 
data  at  hand,  to  be  an  acidosis,  this  opinion  being  based  on  the  high  percentage 
of  ammonia  and  on  the  fact  that  aceton  was  generally  found.  I  am  at  present 
occupied  with  the  study  of  the  potassium  and  sodium  output  in  the  urine,  which 
should  be  increased  if  the  acidosis  view  be  correct.  Owing  to  the  extreme 
nervousness  of  the  patient  the  determination  of  the  blood  calcium  could  not  be 
made.  The  study  of  the  coagulation  time  was  considered,  for  it  was  believed 
that  thisshouldbe  delayed  were  the  blood  deficient  in  calcium,  as  has  been  claimed 
by  MacCallum  and  Voegtlin.  The  estimation  of  the  blood  alkalinity  is  impor- 
tant, also,  but  this  and  the  determination  of  the  coagulation  time  had  to  be 
abandoned  for  reasons  just  stated. 

My  deductions  from  a  study  of  the  case  are: 

1.  There  seems  to  be  no  relation  between  the  calcium  output  and  tetany. 

2.  The  persistent  high  percentage  of  NH3  makes  one  suspect  acidosis  as  the 
underlying  cause  of  the  tetany. 

3.  Cannot  the  good  effect  of  the  calcium  be  ascribed  to  its  properties  as  a  base, 
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and  would  not  sodium  bicarbonate  be  equally  efficacious?  This,  in  connection 
with  a  report  as  to  the  urinary  bases,  sodium  and  potassium,  will  be  studied  and 
the  results  made  known  in  a  later  report. 

Dr.  S.  J.  INIeltzer:  It  might  interest  Dr.  MacCallum  to  learn  one  good 
result  of  the  communication  which  he  made  in  New  York  on  the  same  sub- 
ject before  the  Society  for  Experimental  Biology  and  Medicine.  Dr.  Charles 
Elsberg,  who  was  present  at  the  meeting,  encountered  next  morning  a  case 
of  tetany  following  a  harelip  operation — tetany  and  not  tetanus.  He  gave  cal- 
cium lactate  by  the  mouth,  and  the  symptoms  of  tetany  disappeared.  I  believe 
he  began  the  treatment  on  April  16,  and  the  sjonptoms  subsided  next  day. 
The  administration  of  calcium  was  stopped  on  April  27,  and  two  days  later 
the  symptoms  reappeared.  The  calcium  treatment  was  then  resumed,  and  again 
the  tetany  subsided. 

I  may  perhaps  be  permitted  to  state  here  that  on  the  basis  of  our  experiments 
we  are  not  inclined  to  accept  certain  parts  of  the  theory  which  is  offered  by 
Drs.  MacCallum  and  Voegtlin  in  explanation  of  the  interesting  and  valuable 
fact  they  found.  They  assume  with  J.  Loeb  that  calcium  is  an  inhibitory  agent 
and  hence  reduces  the  exaggerated  irritability  which  follov.'s  the  removal  of  the 
parathyroids.  Some  of  the  members  present  Ts-ill  recollect  an  experiment, 
wliich  we  demonstrated  to  them  last  fall  at  the  Rockefeller  Institute.  A  rabbit 
was  in  deep  anesthesia  and  paralysis  from  a  subcutaneous  injection  of  a  mag- 
nesium salt.  Immediately  on  injection  of  a  few  cubic  centimeters  of  a  calcium 
salt  the  animal  woke  up,  turned  over,  and  moved  around.  In  this  experiment 
calcium  surely  increases  the  irritability.  Xow  both  facts  are  true;  in  the  obser- 
vations of  MacCallum  and  Voegtlin  calcium  decreases  abnormal  irritability, 
in  our  experiments  calcium  undoubtedly  increases  the  abnormally  depressed 
irritability.  Our  \'iew,  which  we  set  forth  and  tried  to  support  by  facts  in  an 
article  which  appeared  in  the  current  number  of  the  American  Journal  of 
Physiology,  is  as  follows:  Calcium  is  capable  of  correcting  the  disturbances  of- 
the  inorganic  equilibrium  in  the  animal  body,  whatever  the  directions  of  the 
de\iations  from  the  normal  may  be.  Any  abnormal  effect  which  sodium, 
potassium,  or  magnesium  may  produce,  whether  the  abnormality  be  in  the 
direction  of  increased  irritability  or  of  decreased  irritability,  calcium  is  capable 
of  reestablishing  the  normal  equilibrium.  After  all,  this  is  not  a  theory,  but 
only  a  description  of  the  facts. 

Dr.  David  L.  Edsall:  Because  of  the  striking  difference  between  the 
results  reported  by  Dr.  J.  H.  McCollum,  of  Boston,  and  Dr.  W.  G.  MacCallum, 
of  Baltimore,  and  those  of  Dr.  Meltzer,  I  wish  to  mention  a  case  that  came 
under  my  observation.  Some  time  ago  in  a  case  of  myasthenia  gra\is  I  was  inter- 
ested in  the  possible  effect  of  calcium  upon  that  disease,  and,  upon  my  suggestion> 
Dr.  Pemberton  undertook  the  study  of  calcium  in  this  case,  investigating  parti- 
cularly calcium,  magnesium,  creatinin,  and  some  other  substances.  We  found 
a  considerable  excess  of  calcium  in  the  urine.     It  likewise  occurs  undoubtedly 
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in  other  conditions.  I  have  observed  it  in  acromegaly.  It  occurs  in  any  condi- 
tion associated  with  acidosis.  It  was  not  definitely  determined  in  this  case 
whether  this  indicated  an  excess  or  the  contrary  in  the  blood.  But  we  gave 
calcium— a  directly  contrary  condition  to  tetany — tentatively  at  first,  with  the 
result  that  the  patient  has  improved.  Whether  the  improvement  was  due  to 
the  calcium  or  not  I  do  not  know.  But  the  man  has  improved,  and  it  was  a 
case  of  myasthenia  gravis.  The  patient  himself  is  convinced  that  his  improve- 
ment was  the  result  of  that  treatment.  I  would  say  that  this  was  only  one 
observation  a.nd  a  very  incomplete  one,  but  it  is  a  thing  that  is  in  accord  with 
the  diverse  results  obtained  by  the  experimental  use  of  calcium  in  animals. 

Dr.  MacCallum:  We  have,  of  course,  observed  that  while  the  administra- 
tion of  calcium  has  a  rapid  and  apparently  specific  influence  in  cutting  short 
the  tetany,  its  effect  is  transient,  and  the  tetany  will  reappear  unless  repeated 
doses  of  calcium  are  given. 

I  must  also  call  attention  to  the  fact  that  we  have  had  in  mind  throughout 
our  work  that  there  might  be  some  relation  between  tetany  and  some  form  of 
acidosis,  and  the  tables  which  we  exhibit  show  that  we  have  found  the  ammonia 
content  of  the  blood  is  increased  during  tetany,  as  is  also  that  of  the  urine.  There 
is,  however,  as  yet  no  sufficient  proof  in  this  that  the  whole  condition  is  due  to 
an  acidosis. 


A  CLINICAL  STUDY  OF  SO:\IE  ARRHYTHMIAS  OF 
THE  HEART. 


By  WALTER  B.  JA^IES,  M.D., 

NEW    YORK. 


The  last  few  years  have  seen  many  important  changes  in  the 
point  of  view  of  physicians  toward  diseases  of  the  heart.  Not  only 
have  new  and  important  physiological  facts  been  discovered,  but 
there  is  an  mcreasing  tendency  on  the  part  of  practising  physicians 
to  make  use  of  them.  Notably  is  this  the  case  in  regard  to  the 
anatomy  and  physiology  of  the  atrioventricular  bundle.  ^loreover, 
the  recent  work  of  ^Mackenzie,  Wenckebach,  Hermg,  Cushmg, 
Engelmann,  Hoffmann,  Minkowski,  and  a  host  of  others  upon  the 
general  subject  of  arrhythmia  has  opened  up  an  entirely  new  field 
in  the  pathology  of  the  diseases  of  the  heart,  and  makes  it  desirable 
that  the  diseases  of  the  circulation  generally  should  be  studied  from 
the  new  standpoint,  and  by  the  aid  of  the  new  methods  which  these 
investigations  have  introduced.  A  large  amount  of  work  has  been 
expended  upon  the  study  of  the  extrasystole,  and  this  feature  of 
arrhythmia  seems  destined  to  become  more  and  more  prominent, 
so  that  its  bearings  upon  clinical  medicine  will  need  to  be  much 
more  clearly  and  definitely  defined  than  is  at  present  possible. 

Unfortunately  physiologists  are  still  far  from  bemg  in  accord  as 
to  the  exact  origin  and  meaning  of  the  various  types  of  extrasystoles, 
and  even  a  definition  of  the  term  has  not  been  universally  accepted. 
Probably  the  most  satisfactory  definition  yet  offered  is  that  of  Mac- 
kenzie,^ who  says:  "I  would  suggest  that  the  term  extrasystole 
should  be  limited  to  those  premature  contractions  of  the  auricle  or 
ventricle  in  response  to  a  stimulus  from  some  other  portion  of  the 

1  Quart.  Jour.  Med.,  vol.  i,  No.  2,  p.  137. 
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heart  (than  the  normal),  but  where  otherwise  the  fundamental  or 
series  rhythm  of  the  heart  is  maintained." 

The  present  paper  is  concerned  with  an  effort  to  define  more 
clearly  than  is  usually  done  the  purely  clinical  relation  of  the  terms 
Stokes-Adams  syndrome,  heart  block,  and  extrasystole  to  one  another, 
and  especially  through  the  study  of  2  cases  to  attempt  to  throw  a 
little  light  upon  certain  clinical  problems  that  are  not  very  infrequently 
met  with  in  connection  wnth  disorders,  organic  or  functional,  of  the 
bundle  of  His. 

Although  it  is  but  a  few  years  since  the  anatomy  of  the  atrioven- 
tricular bundle  has  been  known,  and  its  function  all  but  established, 
the  literature  of  the  subject,  especially  upon  its  clinical  side,  has 
already  reached  large  dimensions,  and  each  week  brings  a  fresh  group 
of  reports  of  cases. 

The  number  of  cases  with  satisfactory  autopsical  reports  of  the 
condition  of  the  heart  is  still,  however,  rather  small,  especially  of 
cases  in  which  there  has  been  an  opportunity  during  life  of  studying 
the  physiology  of  the  circulation  by  the  more  modern  methods,  es- 
pecially by  satisfactory  combined  radial  and  jugular  pulse  tracings. 

A  study  of  recent  reports  of  clinical  cases,  moreover,  suggests 
that  the  exact  relation  of  the  terms  Stokes-Adams  syndrome,  heart 
block,  bradycardia,  and  extrasystole,  from  a  clinical  standpoint, 
have  not  been  quite  clearly  established ;  that  these  conditions  are  not 
always  recognized  and  differentiated,  and  that  the  terms  are  not 
in  every  case  employed  accurately.  The  great  complexity  of  the 
subject,  together  wdth  the  fact  that  physiologists  are  still  far  from 
accord  as  to  the  genesis  of  many  of  the  cardiac  arrhythmias,  makes 
it  seem  likely  that  it  will  be  long  before  the  whole  subject  of  arrhyth- 
mia is  made  clear,  and  in  the  meantime  it  is  hoped  that  the  publi- 
cation of  carefully  studied  cases  of  these  types  of  heart  disturbance 
with  their  curves,  diagrams,  and  lesions  may  ultimately  help  to  clear 
up  this  important  field. 

Gibson^  has  collected  14  cases  of  heart  block  w^ith  postmortem 
examination  of  the  heart,  including  one  case  of  his  own,  and  the 
literature  of  these  cases  is  referred  to  in  his  article.  Of  these,  the 
following  are  the  lesions  described  as  involvmg  the  bundle  of  His : 

'  Quart.  Jour.  Med.,  vol.  i,  No.  2. 
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Cases. 

Tumor 2 

A  mass,  nature  not  stated 1 

Stretching  and  obliterating  of  bundle 1 

Atheroma 2 

New  interstitial  tissue 5 

Gumma 1 

Fatty  degeneration 1 

Anemic  necrosis 2 

For  the  details  of  these  cases  the  reader  is  referred  to  Gibson's 
paper. 

A  case  that  seems  to  have  escaped  the  notice  of  Gibson  was  pub- 
lished by  Rendu. ^  There  was  marked  bradycardia,  with  pulse  of 
30  to  40,  and  with  jugular  pulsation  not  SMichronous  with  the  apex 
impulse.  The  autopsy  showed  a  gumma  in  the  auriculoventricular 
area,  together  with  well-marked  fibroid  changes  in  the  interventricular 
septum. 

Since  Gibson's  paper,  in  January,  1908,  the  following  addi- 
tional cases  are  reported :  Ashton,  Xorris,  Lavenson-  report  a  case 
of  complete  heart  block  with  a  gummatous  deposit  involving  the 
bundle  of  His.  The  continuity  of  the  bundle  is  said  to  have  been 
destroyed. 

Butler^  reports  a  case  of  typical  complete  heart  block,  with  fatty 
infiltration  of  the  bundle  of  His. 

Vaquez  and  Esmein*  report  a  case  of  Stokes-Adams  disease,  brady- 
cardia with  attacks  of  s^^lcope.  The  autopsy  showed  double  aortic 
disease,  with  a  patch  of  sclerosis  corresponding  to  the  position  of  the 
bundle  of  His.  Microscopic  study  also  showed  destruction  of  the 
bundle. 

Deneke''  reports  3  cases  of  heart  block  studied  clinically  and  with 
autopsies.  In  case  Xo.  1  there  was  found  a  gumma  involving  the 
bundle;  in  case  Xo.  2  the  heart  was  unfortunately  lost;  case  X'o.  3 
showed  fibrous  degeneration  of  the  bundle. 

Dock®  reports  partial  heart  block  due  to  fibroid  changes  in  the 
endocardium  over  the  left  branch  of  the  bundle  of  His,  also  involv- 
ing the  bundle.  It  is  possible  that  still  other  reports  may  have 
escaped  the  notice  of  the  writer. 

1  Soc.  M^d.  des  Hop.,  Paris,  1895.  -  Amer.  Jour.  Med.  Sci.,  January,  1907. 

'  Ibid.,  cxxxiii,  p.  715.  *  La  Presse  Med.,  1907,  xv,  p.  57. 

5  Miinch.  med.  Woch.,  1907,  Xo.  22,  liv,  p.  1101. 

6  Brit.  Med.  Jour.,  1907,  p.  1039. 
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The  first  of  the  two  cases  with  which  the  present  paper  is  con- 
cerned was  one  of  complete  acute  heart  block  from  a  destructive 
lesion  involving  the  atrioventricular  bundle  at  the  node. 

A  male,  aged  sixty-five  years,  married.  Came  first  under  observation  on  July 
28,  1907.  There  was  no  history  of  hies  nor  of  alcohoHsm.  He  had  never  had 
rheumatism,  but  forty  years  ago  had  an  attack  of  malaria,  following  which  a 
systolic  murmur  was  found  at  the  apex  of  the  heart.  This  murmur  has  persisted, 
and  its  existence  was  well  known  to  him  for  many  years.  At  no  time  in  his  life 
had  he  noticed  any  s^Tuptoms  of  cardiac  insufficiency,  and  the  heart  lesion  had 
never  caused  him  the  slightest  inconvenience.  He  was  an  exceptionally  vigorous 
and  active  man  both  physically  and  mentally.  About  seven  weeks  ago,  haAang 
been  in  perfect  health,  he  began  to  show  signs  of  fatigue  on  slight  exertion  and  to 
feel  feverish  sensations.  There  was  also  slight  headache.  At  times  he  was  con- 
fused and  forgetful.  He  soon  developed  a  low  grade  of  fever,  with  slight  mental 
confusion,  but  no  other  s}'mptoms.  One  week  ago  his  confusion  and  forgetful- 
ness  increased,  but  he  was  rational  when  addressed.  At  this  time  the  temperature 
was  102°.  Two  days  ago  there  was  numbness  in  the  left  leg.  Examination  showed 
an  elderly  man  of  large  frame,  well  nourished  and  well  preserved.  The  mental 
processes  and  speech  were  somewhat  slow",  but  in  other  respects  normal.  There 
was  a  visible  pulsation  in  the  neck  above  the  clavicle,  the  rate  of  which  was 
about  double  the  cardiac  rhvtlmi,  as  indicated  by  the  pulse  and  by  the  heart 
sounds. 

Examination  of  the  heart  was  as  follows:  The  cardiac  impulse  was  in  the 
fifth  space,  seven  inches  to  the  left  of  the  middle  line.  It  was  both  visible  and 
palpable,  and  was  strong  but  slightly  irregular.  The  area  of  dulness  extended 
seven  inches  to  the  left  of  the  middle  line.  The  right  border  of  dulness  was 
normal.  At  the  apex  there  was  heard  a  loud,  blowing,  systolic  murmur,  musical 
toward  its  close,  transmitted  to  the  left  to  the  axillary  line,  and  heard  also  over 
the  entire  precordium.  The  pulmonic  second  sound  was  feeble.  The  action 
of  the  heart  was  very  slow  and  deliberate  and  slightly  irregular.  There  was 
heard  a  very  faint  sound  between  each  two  heart  beats,  a  sound  of  indefinite 
character.  This  was  plainest  over  the  base  of  the  heart,  and  was  beheved  to 
represent  an  auricular  systole.  The  lungs  and  abdomen  were  normal.  The 
pulse  was  somewhat  irregular  in  force  and  frequency,  slow,  deliberate,  of  fair 
fulness,  moderate  force,  normal  tension.  The  vessel  wall  was  markedly  thick- 
ened. The  pulse  rate  varied  between  32  and  40.  The  extremities  were  normal. 
The  Babinsky  and  Oppenheim  phenomena  were  present  on  the  left  side.  Power 
and  sensation  were  normal.  There  was  no  rash  and  no  petechise.  The  examina- 
tion of  the  urine  was  as  follows:  Amber  color,  1020  specific  gravity,  no  sugar, 
a  faint  trace  of  albumin,  a  few  hyaline  andfgranular  casts.  There  were  five 
examinations  of  the  urine  at  intervals,  all  of  which  gave  approximately  the  same 
result. 

The  patient's  condition  remained  unchanged  for  ten  days,  when  the  dulness 
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and  apathy  became  more  marked.  The  fever  varied  from  99°  to  104°,  pursuing 
an  irregular  course,  and  at  no  time  falling  to  normal.  There  was  but  one  chill, 
on  August  17.  The  pulse  rate  varied  from  32  to  40,  as  a  rule,  occasionally 
reaching  50.  The  respirations  varied  from  24  to  32,  becoming  more  rapid 
toward  the  end.  The  apathy  grew  deeper,  and  he  could  be  roused  with  great 
•difficulty.     On  August  20  he  died. 
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Fig.  1. — The  temperature,  pulse,  and  respiration  in  Case  I. 

The  temperature  curve  (Fig.  1)  is  reproduced  as  offering  an  opportunity  of 
studying  the  influence  of  an  active  toxemia  upon  the  heart's  action  in  heart 
block.  The  leukoc}1:es  varied  from  12,300  on  admission  to  28,700  a  few  days 
before  death.  The  differential  count  showed:  Polymorphonuclear,  81.5  per 
cent.;  lymphocytes,  18  per  cent.;  mononuclear  cells,  1  per  cent.  Culture 
of  the  blood  showed  a  pure  growth  of  a  very  slowly  growing  Streptococcus 
pyogenes. 

Simultaneous  tracings  were  taken  from  the  radial  artery  and  the 
jugular  vem  from  time  to  time,  in  some  cases  the  Jaquet  chrono- 
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Fig.  2. — Tracing  from  Case  I,  showing  complete  heart  block. 


sphygmograph  being  used,  and  in  others  a  large  Zimmermann 
kymograph,  with  Verdin-Marey  tambours  and  a  Jaquet  chrono- 
graph registering  fifths  of  a  second.  In  the  latter  tracings  a  Marey 
transmission  sphygmograph  was  applied  to  the  radial  artery  and  a 
Mackenzie  cup  to  the  jugular  vein.  The  sphygmogram  in  every 
case  shows  the  entire  absence  of  any  lesser  intermediate  beat  corre- 
sponding to  the  feeble  intermediate  heart  sound  above  described 
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(Fig.  2).  The  radial  strokes  are  uniform  in  force  and  regular  in 
rhythm.  The  jugular  tracings  show  complete  dissociation  of  the 
auricle  from  the  ventricle.  The  C  wave  can  in  every  case  be  clearly 
made  out,  occupying  its  exact  and  proper  time  relation  to  each 
radial  stroke,  while  the  A  waves  are  somewhat  more  than  twice  as 
numerous,  are  equidistant  from  one  another,  and  occasionally  almost 
coincide  with  C  waves,  but  the  two  sets  of  waves  bear  no  definite 
relation  to  one  another.  The  temperature  chart  shows  that,  contrary 
to  what  has  been  sometimes  stated,  the  inherent  rhythmical  rate  of 
the  ventricles  is  influenced  by  the  toxemia,  but  not  in  proportion 
to  the  influence  that  is  exerted  upon  the  auricular  rate.  An  inter- 
esting and  remarkable  phenomenon  is  noticed  in  the  terminal  stage, 
in  that  at  times  the  rate  of  the  pulse  is  actually  lower  than  that 
of  the  respiration.  The  association  of  complete  heart  block  with 
the  symptoms  and  signs  of  malignant  endocarditis  led  to  the  con- 
clusion that  there  was  an  ulcer  on  the  interventricular  septum  imme- 
diately below  the  undefended  space. 

The  summary  of  the  autopsy  report  is  as  follows:  Lungs,  con- 
gestion and  edema,  with  a  small  healed  focus  of  tuberculosis  at  the 
right  apex.  Liver,  moderately  enlarged  and  pale.  Spleen,  normal. 
Kidneys,  of  normal  size,  firm,  capsule  adherent,  surface  rough  and 
nodular.  Cortex  thinned,  markings  mdistinct.  Chronic  diffuse 
nephritis,  interstitial  type.  Pericardium,  normal.  Heart,  markedly 
increased  in  size,  the  increase  affectmg  both  left  and  right  ventricles 
and  auricles. 

The  great  vessels  were  tied  off  with  the  heart  in  situ.  The 
organ  was  then  removed,  its  cavities  distended  with  formalin, 
and  opened  after  hardening  in  such  a  way  as  to  present  the  same 
view  of  the  organ  that  is  given  in  Tawara's  monograph.  The 
mitral  valves  are  markedly  thickened,  and  are  the  seat  of  several 
large,  smooth,  polypoid  vegetations.  At  the  anterior  line  of  union 
of  the  two  cusps  is  an  area  of  recent  ulceration.  On  the  inter- 
ventricular septum  immediately  beneath  and  posterior  to  the  unde- 
fended space  is  a  large  ragged  ulcer  measuring  3  x  1.5  cm.  and  1  cm. 
in  depth  (Fig.  3).  The  ulcer  has  a  very  irregular  outline  and  a 
ragged  base,  upon  which  more  or  less  thrombus  is  deposited.  The 
ulcer  reaches  out  to  and  is  continuous  with  the  ulcerated  surface 
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just  at  the  junction  of  the  two  leaves  of  the  mitral  valve,  ^^^len  com- 
pared with  the  photograph  and  diagram  of  the  human  heart  in 
Tawara's  monograph/  it  is  seen  that  the  ulcer  must  .completely 
destroy  the  atrioventricular  bundle  at  the  level  of  the  node.  The 
specimen  was  not  cut  up  for  microscopic  study,  as  it  seemed  to  show 


Fig.  3. — Interior  ot  the  left  ventricle  of  Case  T,  showing  a  ragged  ulcer  on  the  interven- 
tricular septum  immediately  beneath  the  undefended  space. 


the  above  lesion  more  clearly  and  positively  macro.scopically  than 
it  could  possibly  do  under  the  microscope.  This  specimen  seems 
to  show  a  more  positive  and  complete  destruction  of  the  bundle  of 
His  than  does  any  other  with  which  I  am  acquainted. 

In  this  case  there  was  complete  heart  block,  as  shown  by  tracings 


'  Das  Reizleitungssystem  des  Siiugetierherzens,  Jena,  1900. 
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and  by  the  autopsy,  but  without  the  Stokes- Adams  syndrome, 
there  being  only  bradycardia  with  extra  jugular  pulsations,  but  at 
no  time  either  syncopal  or  epileptoid  seizures.  To  be  sure,  the 
patient,  while  under  observation,  was  always  in  bed,  but  other  cases 
of  Stokes-Adams  disease  frequently  show  convulsions  when  quiet 
in  bed,  and  this  patient  had  been  going  about,  travelling  abroad  so 
recently  before  his  death  as  to  make  it  seem  fairly  certain,  consider- 
ing the  lesion,  that  the  heart  block  had  been  present  before  his  taking 
to  bed,  and  always  without  any  such  seizure. 

The  second  case  with  which  this  report  is  concerned  is  one  which 
shows  a  typical  Stokes- Adanls  syndrome,  in  that  there  is  bradycardia 
with  a  pulse  rate  of  30,  visible  and  palpable  pulsations  in  the  jugular 
vein,  together  with  cerebral  seizures,  sudden  faintness  with  partial 
loss  of  consciousness,  complete  syncope  or  convulsions,  but  in  whom 
there  is  good  reason  to  believe  that  atrioventricular  conductivity  is 
at  all  times  perfect. 

J.  S.,  aged  fifty-five  years,  cook.  Came  under  observation  suffering  from 
fainting  attacks  with  palpitation  of  the  heart.  His  family  history  is  good  and 
throws  no  light  upon  the  trouble.  He  has  lived  in  New  York  for  seven  years,^ 
and  has  been  generally  healthy.  He  has  taken  tea,  claret,  and  beer  in  moderate 
excess  until  of  recent  years,  since  when  he  has  taken  but  little.  He  had  malaria 
at  the  age  of  six  years,  cholera  at  nineteen,  and  typhoid  fever  at  twenty-seven. 
He  has  never  had  inflammatory  rheumatism.  He  has  had  urethritis  several 
times.  Twenty  years  ago  he  had  a  venereal  sore  of  five  days'  duration,  and 
four  years  later  a  second,  but  there  have  been  no  secondary  symptoms.  He 
has  had  urethral  stricture  for  fifteen  years. 

Present  Trouble.  For  about  fifteen  years  he  has  noticed  shortness  of  breath 
and  feelings  of  cardiac  oppression  upon  exertion.  Four  years  ago  he  had  an 
attack  of  dizziness;  he  was  taken  to  a  hospital  and  was  told  that  he  had  heart 
trouble.  Thereafter  he  remained  well  until  July,  1907,  since  which  time  he  has 
been  subject  to  dizzy  attacks — at  first  once  or  twice  a  month,  and  for  the  past 
three  months  much  more  often,  and  recently  of  daily  occurrence,  sometimes 
as  many  as  from  three  to  ten  a  day.  Two  weeks  ago  he  had  about  twenty  in  one 
day.     He  knows  no  cause  for  these. 

With  the  attacks  he  may  or  may  not  have  palpitation  of  the  heart.  In  the  last 
three  days  he  has  had  no  attack.  There  has  been  no  edema;  there  have  been 
no  urinary  symptoms  excepting  those  due  to  stricture;  no  pain  over  the  heart, 
but  some  dull,  aching  pain  in  the  lumbar  region.  He  has  lost  about  twenty 
pounds  in  the  last  three  months.  Examination  shows  a  rather  poorly  nourished 
man,  slightly  cyanotic,  somewhat  prostrated,  and  with  a  look  of  illness.     No 
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dyspnea.  The  radial  pulsations  are  equal,  but  hear  very  little  relation  to  the 
cardiac  impulse,  about  half  as  many  beats  reaching  the  wrist  as  occur  at  the 
apex.  The  pulse  is  of  fair  size  and  good  force,  the  vessel  wall  diffusely  thickened. 
The  lungs  show  a  few  subcrepitant  rales  at  both  bases  behind,  more  marked 
on  the  right  side.  The  liver  and  spleen  are  normal;  the  abdomen  is  normal. 
The  cardiac  impulse  is  visible  and  palpable  in  the  fifth  space  11.5  cm. 
to  the  left  of  the  middle  line.  By  percussion  the  left  border  at  the  fifth  sjjace  is 
13  cm.  to  the  left  of  the  middle  line;  the  right,  at  the  fourth  space,  is  4  cm. 
to  the  right  of  the  middle  line.  The  cardiohepatic  angle  is  normal.  The  heart's 
action  is  regular.  There  are  sixteen  forcible  apex  impulses  to  the  half  minute, 
and  regularly  interpolated  between  these  are  sixteen  lesser  beats.  This  rhythm 
continues  for  a  certain  length  of  time,  and  then  is  succeeded  by  a  fairly  regular 
series  of  beats  of  equal  size  and  force.  This  continues  for  a  few  minutes,  and  the 
regular  rh}i;hm  is  resumed,  60  to  64  per  minute.  There  is  a  pulsation  of  large 
amplitude  in  the  great  vessels  of  the  neck  which  at  times  bears  no  relation  to 
the  apex  impulse.  There  is  a  faint  systolic  murmur  at  the  apex  heard  with  the 
loudest  beats,  but  not  heard  with  those  of  less  intensity.  The  systolic  murmur  at 
the  base  is  loudest  in  the  aortic  area.  The  extremities  are  normal.  The 
patient's  condition  for  the  next  two  weeks  remained  about  the  same;  the  pulse 
was  at  times  from  30  to  36,  and  at  other  times  from  60  to  70  per  minute.  The 
patient  feels  well,  and  is  up  and  about.  He  has  had  three  slight  attacks  of  dizzi- 
ness, but  no  syncope.  Fluoroscopic  examination  of  the  heart  showed  a  rather 
small  excursion  of  the  left  border.  The  right  border  showed  a  sudden,  roimded 
expansion,  due  apparently  to  the  filling  of  the  auricle,  but  the  examination  was 
not  satisfactory  enough  to  establish  whether  dissociation  of  auricles  and  ven- 
tricles was  present  or  not. 

March  31.  For  fifteen  seconds  there  were  seven  beats  at  the  wrist,  being  at 
the  rate  of  28  per  minute,  but  in  the  following  twelve  seconds  there  were  17 
beats  at  the  wrist,  at  the  rate  of  85  per  minute. 

April  6.  At  5.30  p.m.  he  began  to  feel  dizzy;  this  was  followed  shortly 
by  a  paroxysm  of  tachycardia.  The  heart  rate  was  from  204  to  250.  There 
was  a  well-marked  cardiac  impulse  in  the  fifth  space  11.5  cm.  to  the  left 
of  the  middle  line,  and  another,  almost  as  well  marked,  in  the  sixth  space  14  cm. 
to  the  left.  With  the  attack  there  is  a  feeling  of  weakness  and  oppression 
beneath  the  sternum.  He  vomited  several  times  and  was  relieved.  He 
thought  the  tachycardia  was  brought  on  by  walking  up  and  down  stairs 
to  test  his  heart. 

10th.  He  has  been  perfectly  well  for  three  days.  This  morning,  while  being 
examined,  he  suddenly  complained  of  feeling  dizzy,  his  eyes  became  expression- 
less; for  a  period  of  half  a  minute  his  condition  was  analogous  to  the  momentary 
staring  and  loss  of  consciousness  of  petit  mal.  During  this  period  the  heart 
passed  through  a  series  of  irregular  contractions,  and  then  settled  down  to  a 
perfectly  regular  tachycardia  at  220  per  minute,  this  lasting  five  minutes  and 
stopping  suddenly.  After  the  dizziness  passed  off  the  only  discomfort  was  the 
palpitation  and  sense  of  oppression  just  above  the  sternum. 
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The  history  of  the  attacks  as  obtained  from  the  patient  is  as  follows:  "The 
exciting  cause  of  these  attacks  of  syncope  and  tachycardia,  which  have  come  as 
often  as  twenty  in  one  day,  and  been  absent  as  long  as  twenty-six  days  in  one 
stretch,  cannot  be  determined.  Many  times  he  is  wakened  from  his  sleep  by 
dizziness,  to  become  unconscious  and  have  a  typical  attack.  Again,  a  slight 
exertion,  as  walking,  going  upstairs,  or  straining  to  pass  water,  may  be  followed 
by  an  attack.  But  these  same  exertions,  or  even  more  severe  ones,  at  another 
time  may  have  no  harmful  effect.  The  attack  comes  on  suddenly  with  dizziness, 
grayness  before  the  eyes,  and  a  buzzing  in  the  head  like  an  organ.  There  are 
no  premonitory  symptoms.  Unconsciousness  follows  rapidly,  and  w^hen  he 
comes  to,  the  heart  is  beating  very  rapidly  (200  to  260  a  minute),  there  is  a  choking 
sensation,  as  if  a  ball  were  in  the  throat,  and  he  is  shaking  all  over.  There  is 
never  any  pain  over  the  heart  or  down  the  arm.  At  times  he  has  been  struck 
down  as  if  'by  electricity'  without  warning;  again,  he  has  simply  had  the  dizzi- 
ness, grayness,  and  buzzing  without  loss  of  consciousness,  but  with  tachycardia 
succeeding  very  quickly.  The  tachycardia  lasts  a  varying  length  of  time,  some- 
times for  only  ten  minutes,  at  others  all  day.  During  its  continuance  he  has 
great  gastric  distress  with  frequent  vomiting.  He  has  noticed  that  the  more 
severe  and  sudden  the  onset,  the  longer  the  tachycardia  persists.  He  cannot 
forecast  the  end  of  the  attack  until  it  is  at  hand.  Then,  at  times,  the  violent 
regular  beating  of  the  heart  is  succeeded  by  two  or  three  irregular  beats,  'as  if 
something  shook  the  heart,'  and  this  is  immediately  followed  by  two  or  three 
tremendous  throbs  of  the  heart,  with  each  one  of  which  there  is  a  feeling  as  if 
fresh  air  were  forced  into  his  throat  and  head,  and  the  attack  stops  as  suddenly 
as  it  began.  But  it  stops  permanently  only  when  there  have  been  three  big 
beats.  If  there  are  only  two  big  beats,  it  stops  for  a  few  seconds  or  minutes  only, 
and  is  then  off  again  in  another  violent  beating  to  last  until  three  big  beats  put 
an  end  to  the  attack. 

"The  irregular  beats  coming  just  before  the  terminal  large  ones  are  not  con- 
stant; sometimes  he  has  them,  at  others  not.  The  three  terminal,  heaving 
thrusts  of  the  heart  are  succeeded  by  the  usual  normal  slow  heart  action,  the 
choking  sensation  and  vomiting  cease,  and  he  feels  perfectly  well  again." 

24:th.  He  has  had  repeated  short  attacks  of  tachycardia  which  have  not  been 
affected  by  medication.  Between  these  attacks  the  pulse  is  always  perfectly 
regular,  the  rate  being  sometimes  30,  sometimes  60,  the  transition  from  the  one 
rate  to  the  other  being  absolutely  sudden.  Thus,  the  only  paroxysm  of  tachy- 
cardia, which  began  while  the  patient  was  under  observation,  was  immediately 
preceded  by  a  short  period  of  irregular,  infrequent  pulse  beats,  during  which 
there  was  dizziness  and  loss  of  consciousness.  The  patient  himself  recognizes 
the  paroxysms  of  tachycardia  by  the  symptoms  which  accompany  these 
phenomena,  and  he  also  recognizes  periods  of  intermission  of  the  pulse  when  the 
pulse  rate  is  about  30;  these  latter  give  rise  to  sensations  of  varying  degrees  of 
unpleasantness,  from  a  simple  sinking  feeling  to  what  he  describes  as  a  series  of 
heavy  shocks  passing  up  the  neck  and  through  the  head,  and  at  times  through 
the  whole  body,  as  if — in  his  own  words — "air  was  being  blown  through  his  head 
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and  body."  With  this  there  is  often  dizziness  and  a  sHght  loss  of  consciousness. 
During  the  tachycardia  also  he  sometimes  loses  consciousness,  and  at  times 
also  he  has  slight  convulsions. 

A  careful  study  of  the  physical  signs  shows  that  when  the  pulse  is  60  the  heart 
rate  is  absolutely  regular  both  in  force  and  in  rh}i;hm,  both  heart  sounds 
being  fairly  clear  and  distinct.  With  the  30  rate  the  pulse  also  is  entirely  regular 
and  of  somewhat  greater  amplitude  than  during  the  60  rate.  Over  the  apex  and 
the  base  of  the  heart  during  the  30  rate  there  are  heard  a  loud  first  sound  and 
second  sound,  followed,  after  a  very  brief  interval,  by  a  heart  sound  which  is 
sometimes  single  and  sometimes  double,  then  a  comparatively  long,  presumably 
compensatory  pause,  and  a  full  heart  sound,  this  alternation  or  bigeminal 
character  being  regularly  continuous  for  a  variable  length  of  time.  Xo  radial 
pulse  can  be  felt  corresponding  to  the  smaller  alternating  heart  sounds,  nor  can 
a  cardiac  impulse  generally  be  felt  at  this  time,  although,  as  will  be  seen  by 
reference  to  the  tracings,  a  small  impulse  can  be  registered  by  the  cardiograph. 
But  coincident  with  this  there  is  a  very  marked  pulsation  in  the  neck,  both  visible 
and  palpable,  and  this  pulsation  is  of  far  greater  amplitude  than  any  other  that 
is  felt.  If  the  hand  is  placed  in  the  supraclavicular  fossa  so  that  the  fingers  cover 
the  external  jugular  vein,  their  tips  resting  upon  the  innominate  artery,  it  can  be 
positively  determined  that,  whereas  the  regular  full  heart  beats  can  be  felt  in  the 
innominate  but  without  a  corresponding  jugular  pulsation,  with  the  extrasystole 
the  innominate  pulsation  disappears  and  the  jugular  pulsation  becomes  of  great 
amplitude. 

A  study  of  coincident  radial,  jugular,  and  apical  tracings  shows  conclusively 
that  the  phenomenon  is  one  of  extrasystole,  and  it  can  be  proved  by  reference 
to  the  tracings  that  these  extrasystoles,  occurring  with  great  regularity  and 
between  each  two  normal  heart  beats,  occur  so  soon  after  the  physiological 
systole  that  they  are  unable  to  open  the  aortic  valve,  and  so  fail  to  be  effective  by 
forcing  blood  into  the  aorta.  This  failure  is  dependent  upon  their  early  occur- 
rence after  the  systole,  and  is  due  to  three  physiological  conditions:  (1)  The 
systole  itself  is  feeble  by  reason  of  coming  so  soon  after  the  last  refractory  phase; 
(2)  the  blood  pressure  in  the  aorta  is  still  very  high;  and  (3)  the  ventricle  con- 
tains but  little  blood. 

For  discussion  and  analysis  of  the  varieties  and  origin  of  extra- 
systole the  reader  is  referred  to  the  "UTitings  of  Gushing/  ^lackenzie,^ 
Wenckebach,^  Hering,*  Ortner,^  Hoffman,*^  Hirschf elder  and  Eyster,^ 
and  others. 

'  Trans.  Assoc.  Amer.  Phts.,  1899,  vol.  xiv,  p.  172. 

2  Quart.  Jour.  Med.,  vol.  i.  No.  1,  p.  39. 

'  Arrhythmia  of  the  Heart,   IMinburgh,    1904. 

<  Verh.  d.  Cong.  f.  inn.  Med.,  1906,  vol.  xxiii.  5  ibid.,  1907,  p.  424. 

6  Deut.  Arch.  f.  klin.  Med.,  Band  l.xx\'iii,  p.  39;  Deut.  klin.,  1903,  p.  155. 

'  Amer.  Jour.  Phys.,  1907,  vol.  x\-iii,  p.  222. 
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The  jugular  tracings  of  many  of  the  cases  of  heart  block  and  other 
heart  maladies  that  have  been  published  are  not  as  convincing  as 
the  average  careful  reader  could  wish,  but  the  tracings  of  this  case 
appear  to  be  especially  clear  and  to  demonstrate  many  of  the  events, 
normal  and  abnormal,  that  can  be  read  in  pulse  and  vein  curves, 
and  so  they  seem  to  justify  publication  and  discussion. 

Beginning  with  the  cardiogram,  in  Fig.  4,  the  sudden  upstroke 
with  the  slight,  rounded  eminence  is  generally  supposed  to  mark 
the  sudden  filling  of  the  ventricle  by  the  auricular  contraction;^ 
we  then  find  the  usual  systohc  plateau  gradually  falling  to  the  base 
line,  and  so  giving  a  perfectly  normal  cardiogram. 


Card. 


Fig.  4. — Tracing  from  Case  II,  showing  extrasystoles,  X,  simulating  heart  block. 

In  the  jugular  tracing  we  find  a  wave  marked  A,  due  to  the  systole 
of  the  auricle;  this  wave  begins  about  one-fortieth  second  before 
the  cardiac  impulse.  After  an  interval  of  one-fifth  second,  the  nor- 
mal period,  the  C  wave  occurs,  marking  the  carotid  impulse  derived 
from  the  underMng  carotid  artery.  The  position  of  this  wave 
enables  us  to  establish  a  definite  period  in  the  jugular  pulse,  whether 
we  agree  with  Mackenzie  that  it  is  alwavs  produced  bv  the  carotid 
artery,  or  with  Hering,^  who  believes  that  it  may  be  produced  also 
by  other  agencies.  In  the  radial  tracing  the  radial  pulse  is  seen  to 
occur  one-tenth  of  a  second  after  the  carotid  pulse.  In  the  jugular 
tracing,  immediatelv  after  the  C  w^ave,  are  seen  two  smaller  waves. 


1  Wenckebach,  Arrhythmia,  p.  50. 


s  Verhand.  d.  Cong.  inn.  Med.,  1906. 
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the  latter  of  which  is  with  some  of  the  beats  of  considerable  magni- 
tude. The  meaning  of  the  former  is  not  clear,  but  the  latter  is  prob- 
ably the  V  wave  marking  the  passive  filling  of  the  auricle,  before  the 
opening  of  the  tricuspid  valves,  and  followed  by  a  rapid  fall  coincident 
with  the  opening  of  these  and  the  rapid  emptying  of  the  auricle  into 
the  ventricle.  Following  this  is  the  largest  wave  seen,  marked  .Y. 
This  is  synchronous  with  the  quick,  strong  jugular  pulsation,  which  is 
both  visible  and  palpable,  and  which  occurs  in  the  interval  between 
two  pulse  beats,  but  nearer  to  the  one  that  precedes  it  than  to  the 
one  which  follows  it.  This  was  at  first  supposed  to  mark  an  auricular 
systole  which  did  not  reach  the  ventricle,  and,  therefore,  to  indicate 
heart  block,  but  it  is  associated  with  a  cardiac  impulse,  as  shown 
by  the  cardiogram.  ^Moreover,  if  the  distance  between  the  begin- 
nings of  these  two  cardiographic  impulses  is  carefully  measured,  it 
is  found  that  this  A'  wave  corresponds  exactly  in  point  of  time  to 
the  ventricular,  and  not  to  the  auricular  systole,  and  so  must  be 
regarded  as  an  extrasystole,  ventricular  in  time,  and  not  preceded 
by  the  usual  auricular  wave.  The  origin  of  the  stimulus  to  this 
extrasystole  is  probably  in  the  atrioventricular  bimdle,  and  not  in 
either  the  auricle  or  the  ventricle,  for  the  following  reasons:  It 
cannot  be  auricular,  first,  because  there  is  no  evidence  of  a  wave 
at  the  time  when  such  an  auricular  systole  would  naturally  make  a 
wave;  that  is,  one-fifth  of  a  second  before  the  extraventricular  systole. 
Second,  because  the  corresponding  cardiogram  in  every  case  fails  to 
show  any  auricular  rise,  such  as  is  present  in  each  of  the  alternate 
cardiograms. 

It  cannot  be  ventricular,  first,  because,  as  is  shown  in  odier  tracings 
where  the  pulse  rate  of  30  alternates  with  that  of  60,  the  inter- 
mission is  distinctly  less  than  two  normal  heart  beats  (Gushing, 
Hering,  and  others),  although  it  must  be  remembered  that  Hirsch- 
felder^  claims  that  this  is  not  a  safe  criterion  for  the  ventricular  origin 
of  extrasystole;  and  second,  because  there  is  no  sign  in  the  tracing 
of  what  would  be  the  next  regular  auricular  systole  midway  between 
the  two  waves  marked  .1 ;  that  is,  of  a  lost  auricular  systole. 

For  all  of  these  reasons  it  is  evident  that  X  is  an  extrasystole 
whose  stimulus  has  its  origin  in  the  atrioventricular  bundle,  a  stimu- 

'  Loc.  cit. 
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lus  which  is  propagated  in  both  directions  and  l>rings  about  at 
the  same  instant  a  systoUc  contraction  of  both  auricle  and  ventricle, 
thus  corresponding  to  the  type  of  extrasystole  described  by  Mac- 
kenzie/ The  unusual  amplitude  of  this  wave  X  is  to  be  explained 
on  two  grounds:  (1)  There  is  a  simultaneous  systole  of  both  the 
auricle  and  the  ventricle;  and  (2)  the  ventricular  systole  follows 
so  close  upon  the  preceding  full  systole  that  at  the  time  of  its  occur- 
rence aortic  pressure  is  so  high  that  it  is  unable  to  open  the  aortic,  and 
presumably  also  the  pulmonary  valves,  thus  failing  to  give  rise  to  a 
radial  or  innominate  pulse,  but  blowing  back  through  the  incompe- 
tent tricuspid  valve,  thus  giving  rise  to  this  extraordinary  wave. 

In  occasional  tracings  from  this  patient  a  very  slight  elevation  of 
the  line  of  the  sphygmogram  is  seen,  coinciding  with  the  A'  wave, 
showing  that  at  times  the  aortic  valves  are  lifted  to  a  slight  extent. 

It  will  be  observed  that  there  is  generally  a  notch  to  be  seen  on 
the  descending  limb  of  the  A'  wave.  This  is  probably  due  to  and 
marks  the  time  of  the  closure  of  the  pulmonary  valves,  indicating, 
when  present,  that  right  ventricular  pressure  has  been  suflBciently 
raised  to  open  these  valves.  It  will  also  be  noticed  that  this  notch, 
probably  a  pulmonary  dicrotic  notch,  occurs  at  the  lowest  point  on 
those  A'  waves  that  follow  V  waves  of  the  least  amplitude,  and  that 
are  preceded  by  the  most  rapid  and  extensive  depressions.  This 
probably  indicates  that  with  these  heart  beats  the  tricuspid  valves 
open  early  and  a  larger  amount  of  blood  than  usual  rushes  into  the 
ventricle,  enabling  it  to  throw  more  blood  into  the  pulmonary  artery. 

In  Fig.  5,  which  shows  the  60  pulse  rate  suddenly  changing  to  the 
30  rate,  with  the  immediate  appearance  of  the  A^  wave,  it  is  noticed 
that  in  the  first  long  interval  a  very  slight  elevation  appears  in  the 
sphygmogram,  indicating  that  the  aortic  valves  opened  and  some 
blood  was  thrown  into  the  aorta,  and  at  the  same  time  it  is  seen  that 
the  corresponding  A'  wave  is  much  smaller  than  those  which  follow 
and  has  a  more  marked  dicrotic  notch,  which  may  be  taken  as  indi- 
cating that  the  pulmonary  valves,  too,  open  fairly  freely,  leaving  less 
blood  to  be  blown  back  through  the  tricuspid  orifice. 

Fig.  6  is  a  tracing  from  the  same  patient  during  a  paroxysm  of 

1  Quart.  Jour.  Med.,  vol.  i,  No.  2,  p.  131. 
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tachycardia,  the  rate  being  210.  It  is  seen  that  the  rhythm,  as 
shown  by  both  cardiogram  and  phlebogram,  is  perfectly  regular. 
The  jugular  tracing  shows  a  jugular  pulsation  occurring  one-fifth 
of  a  second  before  each  cardiac  impulse.     This  shows  that  the  right 


Fig.  5. — Tracing   from    Case  II,  showing    sudden    change    from  normal  to   slow  pulse    rate 

with  extrasystoles. 

auricle  contracts  before  the  ventricle,  and  stamps  the  tachycardia  as 
one  having  its  stimulus  from  the  auricle  or  from  the  mouth  of  the 
great  veins,  not  from  the  node  or  from  the  ventricle. 


Jug. 


Card. 
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Fig.  6. — Tracing  from  Case  II  during  tachycardia. 


If  Hoffmann's  theory  is  correct,  that  paroxysmal  tachycardia  is 
virtually  tetanus  of  the  heart,  a  contraction  being  set  up  as  soon  as 
the  organ  emerges  from  the  refractory  period,  by  reason  of  a  con- 
stantly present  stimulus,  then  the  refractory  period  of  such  a  heart 
could  be   estimated  mathematicallv  bv   dividing  sixtv  seconds  bv 
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the  pulse  rate  per  minute.  This,  carried  out  in  the  present  case, 
gives  a  refractory  period  of  0.285  second,  while  the  rate  is  210.  If 
this  period  is  laid  out  on  the  jugular  tracing,  Fig.  2,  it  is  seen  that 
the  wave  A'  regularly  occurs  at  a  considerable  period  after  the  heart 
has  emerged  from  its  refractory  phase,  and  that,  therefore,  pre- 
sumably the  origin  of  the  extrasystole  is  different  from  that  of 
the  tachycardial  systoles,  as  was  already  indicated  by  a  study  of  the 
tracings. 

One  may  fairly  conclude  that  this  patient  possesses  an  atrioven- 
tricular bundle  that  is  abnormally  irritated,  or  that  develops  stimulus 
material  abnormally,  and  that  it  exhibits  three  phases  of  atrioven- 
tricular rhythmicity: 

1.  A  phase  when  stimuli  develop  at  the  normal  rate  and  in  the 
normal  situation,  and  when  the  heart  beats  regularly  and  at  60  to 
64  per  minute. 

2.  A  phase  of  extrasystole  when  the  atrioventricular  node  is  ab- 
normally active,  and  when  the  extrasystoles  thus  produced  bring 
about  a  condition  of  arrhythmia  which  stimulates  heart  block. 

3.  A  phase  during  which  the  auricular  portion  of  the  bundle  is 
the  seat  of  such  constant  stimulus  production  that  the  heart  beats 
regularly  at  210.  These  very  rapid  beats  are  not  extrasystoles  but 
abnormally  rapid  physiological  systoles,  for  their  origin  and  trans- 
mission are  normal,  their  only  abnormal  feature  being  the  rapidity 
with  which  they  follow  one  another.  It  is  noted  also  that  a  well- 
defined  auricular  rise  is  present  in  the  cardiogram  during  tachycardia, 
indicating  that  the  sequence  of  events  in  the  heart  systole  is  then 
normal. 

These  two  cases,  then,  show  three  distinct  abnormalities  of  the 
atrioventricular  bundle:  (1)  A  destructive  lesion  of  the  bundle  at 
the  node;  (2)  an  abnormal  irritability  or  rhythmicity  at  the  node; 
(3)  a  similar  abnormal  rhythmicity  at  the  sino-auricular  junction. 

I  believe  from  my  own  experience,  as  well  as  from  a  study  of 
the  cases  of  heart  block  reported  by  others,  that  certain  cases 
of  regularly  recurring  extrasystole  simulate  heart  block,  and  have 
been  so  recorded.  This  is  a  point  to  which  writers  upon  this  topic 
— Mackenzie,  Wenckebach,  Hering,  and  others — have  already 
called  attention,  but  the  point  probably  deserves  to  be  called  more 
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directly  to  the  notice  of  physicians,  especially  as  the  clinical  signifi- 
cance and  prognosis  in  these  two  sets  of  cases  is  entirely  different. 
The  prognosis  in  heart  Ijlock  is  generally  bad,  but  in  extrasystole 
it  is  generally  much  less  grave. 

I  have  also  observed  another  case,  in  a  woman,  aged  sixty - 
five  years,  suffering  from  chronic  diffuse  nephritis  and  chronic  myo- 
carditis; the  pulse  at  the  time  she  was  seen  was  beating  regularly 
and  continuously  at  48  per  minute;  the  heart  systoles,  however, 
were  95  per  minute,  and  each  alternating  one  followed  closely  the 
preceding  systole,  as  could  be  determined  by  auscultation,  and  the 
same  phenomenon  that  has  been  just  described  could  be  felt  in 
the  neck;  that  is,  an  unusually  forcible  venous  pulsation  accom- 
panying the  extrasystole,  but  without  either  a  radial  pulse  or  a  dis- 
coverable pulsation  in  the  innominate  artery.  In  other  words,  it 
was  a  case  of  extrasystole  simulating  heart  block.  This  method  of 
examination  by  simultaneous  palpation  of  innominate  artery  and 
jugular  vein  is  of  considerable  service  in  making  this  differentiation. 

A  second  case  of  alternating  slow  pulse  and  paroxysmal  tachy- 
cardia is  now  under  the  ^Titer's  observation :  an  overworked  business 
man,  aged  forty-two  years,  who  since  boyhood  has  experienced 
abnormal  sensations  in  the  precordium,  referred  to  by  him  back  to  a 
severe  muscular  overstrain.  His  symptoms  are  almost  identical  with 
those  of  the  patient  J.  S.  There  is  moderate  enlargement  of  the 
heart  to  the  left,  with  short  systolic  murmur  at  the  apex,  transmitted 
a  short  distance  toward  the  axilla.  Generally  the  pulse  is  absolutely 
regular  and  of  normal  frequency.  At  times  there  is  tachycardia  of 
sudden  onset,  frequent  occurrence,  generally  brief  duration,  and 
terminating  with  one,  two,  or  three  very  forcible  beats.  At  other 
times  there  are  regularly  recurring  extrasystoles  giving  a  radial  pulse 
of  36,  with  heart  beats  of  72  of  the  true  bigeminal  t^-pe.  None  of 
these  extrasystoles  reach  the  wrist;  with  the  slow  pulse  is  a  sensation 
of  sinking,  or,  as  the  patient  describes  it,  like  a  sudden  descent 
in  a  swift  elevator,  and  at  times  incomplete  loss  of  consciousness. 
Both  varieties  of  arrhythmia  are  brought  on  by  the  same  causes, 
sometimes  by  active  exercise,  but  more  often  and  more  certainly  by 
writing. 

These  cases  suggest  the  possibility  that  such  bradycardia  simu- 
lating heart  block  is  more  frequent  than  is  generally  supposed. 


440  JAMES:   ARRHYTHMIAS    OF   THE   HEART 

In  conclusion,  the  above  cases  show,  first,  that  complete  heart 
block  going  on  to  fatal  termination  is  possible  without  the  Stokes- 
Adams  syndrome  being  present  at  any  time;  second,  that  complete 
Stokes-Adams  syndrome  may  exist  in  the  presence  of  perfect  atrio- 
ventricular conduction,  an  example  of  which  condition  has  also  been 
mentioned  by  Lepine;^  third,  that  there  is  another  and  closely  allied 
syndrome  consisting  of  tachycardia  in  the  presence  of  mitral  and 
tricuspid  regurgitation,  associated  with  syncopal  and  epileptiform 
seizures. 

The  physiological  end  result  of  these  conditions  is  the  same  as  in 
the  Stokes- Adams  syndrome,  in  that  many  systoles  are  lost  through 
their  being  unable  to  open  the  aortic  valves,  while  the  physio- 
logical origin  is  entirely  different,  being  in  the  one  case  h^-per- 
rhythmicity  of  the  atrioventricular  bundle,  and  in  the  other  a  block- 
ing of  this  structure. 

The  writer  acknowledges  much  assistance  from  Dr.  Stuart  Hart 
in  obtaining  and  studying  the  various  tracings. 

Note. — After  this  paper  had  gone  to  press  the  patient  reported  as  Case  II  died  sud- 
denly in  a  violent  attack  of  arrhythmia,  his  condition  having  remained  as  reported  in  the 
interval,  with  irregularly  recurring  attacks  separated  by  intervals  of  complete  comfort  and 
normal  heart  action. 

Tlie  autopsy  showed  no  other  lesion  than  the  one  to  be  described  in  the  heart. 

The  heart  is  much  enlarged,  appearing  about  double  the  normal  size;  weight,  525  grams. 

There  is  extensive  dilatation  of  the  right  auricle  and  of  the  right  ventricle,  the  wall  of 
the  latter  being  very  thin  and  the  seat  of  pronounced  fatty  infiltration.  There  is 
moderate  dilatation  of  the  left  ventricle  without  thickening  of  the  wall.  The  musculature 
shows  moderate  and  rather  diffuse  fibrous  hyperplasia.  The  papillary  muscles  are  very 
largely  replaced  by  fibrous  tissue.  The  aortic  valves  showed  very  slight  atheroma.  The 
mitral  valves  are  very  slightly  thickened,  but  appear  competent.  The  tricuspid  orifice  is 
enlarged  so  that  the  tricuspid  valves,  though  normal,  appear  incompetent  to  close  it.  The 
coronary  arteries  show  only  a  very  slight  thickening,  which,  to  macroscopic  examination, 
seems  out  of  proportion  to  the  extensive  fibroid  change  in  the  heart  muscle.  The  region 
of  the  atrioventricular  bundle  shows  no  gross  change. 

A  further  report  of  the  condition  of  the  heart  will  be  made  after  serial  sectioning  of  the 
atrioventricular  district. 

1  La  Semaine  M^d.,  December  18,  1907. 


THE  THERAPEUTICS  OF  SELF-REPAIR. 


By  S.  J.  MELTZER,  M.D., 

NEW    YORK. 


Xu:MERors  facts  in  biology  justify  the  conception  hat  the  Uving 
organism  represents  a  mechanism,  and  is  in  very  many  respects 
comparable  to  a  complex  human-made  machine.  Such  a  view 
proved  also  to  be  very  fruitful  in  the  investigations  of  biology  and 
medicine,  since  it  encouraged  the  extensive  study  of  the  details  of 
the  living  mechanism  by  the  well-established  methods  of  physics  and 
chemistry.  For  therapeutics,  however,  this  view  seems  to  contain 
an  inimical  and  discordant  element.  Therapeutics  means  the  prin- 
ciples and  methods  employed  in  the  repair  of  the  disordered  living 
organism.  Now,  then,  the  efficient  repair  of  a  mechanism,  of  a 
human-made  machine,  justly  presupposes  a  familiarity  with  its 
normal  structures  and  construction,  and  also  a  complete  under- 
standing of  the  nature  of  the  disorder.  But  what  is  the  status  of 
our  understanding  of  the  living  machinery  and  its  disorders  ?  Well 
may  we  point  with  pride  to  the  great  strides  we  have  recently  made 
in  this  understanding.  But  what  is  the  actual  extent  of  our  knowl- 
edge? It  may  be  freely  admitted  that  it  is  very  small,  and  is  only  an 
infinitesimal  fraction  of  that  knowledge  which  would  enable  us  to 
comprehend  the  living  machine  as  a  competent  engineer  understands 
the  human-made  machine.  And  what  is  more,  in  the  human  machme 
physical  and  chemical  forces  may  be,  and  probably  are,  active,  of 
the  nature  of  which  the  present  sciences  of  physics  and  chemistry 
have  as  yet  not  even  an  inkling.  Shall  we  follow  the  requirements 
of  the  human-made  machme  and  wait  with  our  therapeutics  mitil 
we  know  all  that? 

\Miile,  thus,  no  man  would  be  permitted  to  meddle  with  some 
serious  disorders  of  a  human-made  machine  with  onlv  a  fraction  of 
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knowledge  of  its  construction,  we  find  that,  with  the  disorders  of  the 
mechanism  of  life,  for  thousands  of  years  millions  of  men  meddled 
with  their  repair  with  a  knowledge  infinitesimally  small,  indeed, 
even  when  compared  only  wi  h  the  present  day  understanding  of 
the  processes  of  life  and  their  disorders.  And  the  contrast  is  still 
more  striking  when  we  consider  the  difference  in  the  results.  Xo 
man  can  be  in  doubt  as  to  the  outcome  of  an  ignorant  meddling  with 
a  human-made  machine;  it  would  lead,  in  the  great  majority  of 
instances,  (o  its  complete  destruction.  But  with  the  human  organ- 
ism no  such  disastrous  results  followed  the  innumerable  ignorant 
meddlings  with  its  disorders;  at  least,  such  evil  results  were  not 
readily  recognizable;  otherwise,  medicine  would  long  ago  have  been 
wiped  out  of  existence. 

The  truth  of  the  matter  is  that  with  just  regard  to  therapeutics 
the  living  animal  body  ought  not  and  cannot  be  compared  with  an 
artificial  machine.  With  respect  to  repair,  there  is  a  fundamental 
difference  between  a  human-made  machine  and  a  living  organism. 
The  disorders  of  a  machine  can  be  repaired  only  by  human  hands; 
no  machine  has  yet  been  invented  which  could  automatically  repair 
its  own  disorders.  The  living  organism,  however,  is  well  provided 
with  such  automatic  arrangements  for  self-repair.  This  fact  has  a 
far-reaching  theoretical  and  practical  importance.  The  fact  itself, 
namely,  that  the  living  organism  can  master,  unaided,  its  own  dis- 
orders, was  recognized  very  early  in  the  history  of  medicine.  Its 
true  significance,  however,  was  never  fully  grasped.  In  olden 
times,  as  well  as  in  our  modern  era,  it  was  utilized  only  as  a  w^eapon 
to  discredit  the  claims  of  artificial  therapeutics.  It  was  pointed  out 
over  and  over  again  that  patients  get  well  without  any  treatment, 
and  if  they  get  well  under  treatment  it  might  be  that  they  do  so  not 
because  of  it,  but  perhaps  even  in  spite  of  it.  The  scientific  labors 
of  recent  years,  however,  demonstrated  clearly  that  the  knowledge 
of  the  body's  great  ability  for  self-repair,  far  from  being  an  inimical 
element  to  therapeutics,  can  be  utilized  as  an  element  of  great 
strength  in  support  of  the  human  efforts  to  cure  or  to  hasten  the  cure 
of  its  ills.  In  the  brief  time  at  my  disposal  I  shall  devote  my  atten- 
tion chiefly  to  a  short  discussion  of  the  aspect  of  therapeutics  from 
the  point  of  view  of  oiu-  knowledge  of  self-repair.     I  wish,  however. 
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to  preface  my  remarks  with  the  following  brief  statements,  w^iich, 
although  self-evident,  are  nevertheless  not  superfluous. 

Science  and  practice  of  medicine  exist  for  the  benefit  of  the  sick, 
and  therapeutics  is  the  most  important  part  of  medicine.  To  be 
content  with  the  mastery  of  pathological  anatomy  and  diagnosis 
and  to  have  a  contempt  for  treatment  is  a  moral  and  intellectual 
anomaly.  This  is,  as  suggested  above,  a  self-evident  truth,  which, 
however,  is  frequently  sinned  against,  and  the  sinners  are  to  be 
found  more  among  the  leading  clinicians  than  among  the  average 
practitioners. 

Furthermore,  the  fact  that  the  living  organism  is  provided  with 
means  of  self-repair  does  not  relieve  us  of  the  duty  to  strive  to  dis- 
cover and  procure  also  artificial  remedies.  Evidently,  Nature's 
store  of  means  of  repair  is  insufficient;  otherwise  there  would  be  no 
suffering  and  no  premature  deaths.  And  here  I  am  coming  back  to 
the  subject  of  my  discussion. 

Two  methods  of  treatment  competed  in  the  past  in  the  domain  of 
internal  medicine,  the  rational  and  the  empirical.  I  shall  not 
discuss  them  further  than  to  say  that  the  rational  method  possesses 
mainly  negative  virtues,  and  leads  essentially  to  inactivity.  The 
empirical  method,  which  satisfies  its  followers  by  the  activity  to 
which  it  inspires,  repelled  the  active  minds  in  the  profession  by  the 
vagueness  of  its  inceptions,  by  the  tediousness  of  its  procedures, 
and,  above  all,  by  the  unreliableness  of  its  results.  In  this  despair 
the  active  minds  found  consolation  in  the  study  of  the  normal  and 
abnormal  structures  and  constructions  of  the  human  mechanism, 
leaving  the  question  of  repair  entirely  out  of  consideration,  and 
thus  medicine  was  threatened  with  the  loss  of  its  essential  object. 
However,  since  it  was  generally  admitted  that  many  ailments  and 
diseases  terminated  spontaneously  in  recovery,  it  was  evident  that 
the  animal  organism  must  possess  means  and  methods  by  which  it 
accomplishes  these  recoveries.  Here,  then,  a  competent  school 
exists  where  therapy  could  be  learned  legitimately  and  efficiently. 
With  this  object  in  mind,  the  methods  of  self-repair  of  the  animal 
body  became  the  object  of  profound  scientific  studies,  and  immunity 
became  the  third  method  of  therapeutics.  This  statement  deserves 
to  be  especially  emphasized.      The  study  of  immunity  means  the 
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study  of  the  natural  therapeutics  of  the  body  with  a  view  to  em- 
ploying it  artificially  also,  and,  where  possible,  to  improve  upon  it. 
From  this  point  of  view  immimity  is  the  most  rational  and  most 
promising  method  of  therapeutics.  I  am  afraid  that  this  aspect  of 
the  studies  of  immunity  is  not  yet  appreciated  even  by  some  leading 
pha  r  macologis  ts . 

The  difficulty  with  which  these  new  studies  were  confronted  was  to 
discover  and  discern  during  the  process  of  a  disease  the  phenomena 
which  were  manifestations  of  repair.  All  recognizable  phenomena 
had  already  their  assigned  places;  they  were  pathological,  if  they 
were  not  physiological;  all  deviations  from  the  normal  were  parts 
of  the  disease.  It  was  a  good  fortune  that  the  antitoxins  were  dis- 
covered; here  was  something  which  physiology  could  not  claim  as 
its  own,  and  pathology  had  not  yet  laid  hands  upon  it.  Here  was 
something  which  the  body  in  its  effort  of  defence  and  repair  evidently 
manufactured  anew.  And  I  may  add  in  parenthesis  that  here  the 
new  therapeutics  was  quick  enough  to  learn  to  improve  upon  the 
body's  method;  to  provide  with  passive  immunity  where  active 
immunity  failed.  The  new  field  is  rapidly  growing  larger.  Besides 
the  discoveries  of  new  substances  and  processes,  many  old  phe- 
nomena are  now  reclaimed  from  pathology  in  behalf  of  the  domain 
of  self-repair.  To  quote  a  few  trivial  instances :  pains  of  joints  or 
muscles  are  looked  upon  now  as  a  means  of  insuring  immobility  of 
the  diseased  parts;  cough  is  a  means  to  remove  irritating,  infecting, 
or  obstructing  agencies  from  air  passages;  the  production  of  mucus 
in  gastric  ulcer  is  a  means  of  protection  for  the  denuded  tissues 
from  digestion  by  the  gastric  juice;  vomiting  or  diarrhea  as  means 
of  relieving  the  gastro-intestinal  canal  from  corroding  or  intoxicating 
substances.  The  present  conception  of  the  pathology  of  inflam- 
mation is  an  instructive  and  interesting  illustration  of  the  point 
under  discussion.  Tumor,  rubor,  calor,  and  dolor  were  the  old 
insignia  of  inflammation.  The  modern  pathological  studies  dis- 
tinguish local  and  general  symptoms.  The  local  symptoms  consist 
of  hyperemia  with  stasis,  emigration  of  leukocytes,  exudation  of 
lymph,  increase  of  glandular  secretion,  proliferation  of  tissue  cells, 
and  formation  of  granulation  tissue.  Of  the  general  symptoms, 
we  should  mention  only  fever  and  leukocytosis.     All  of  these  symp- 
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toms  were  considered  as  manifestations  of  the  disease.  The  p  esent 
tendency  in  pathology  is  to  consider  every  symptom  as  a  manifes- 
tation of  the  efforts  of  the  organism  for  defence  and  self-repair. 
The  profusion  of  blood  and  lymph,  with  their  natural  bacteriolytic, 
antitoxic,  and  antifermentative  properties;  the  leukocytes,  with  their 
phagocytic  and  digesting  acti%'ities,  and  the  lymphoid  and  granu- 
lation tissues,  with  their  mechanical  and  vital  powers,  attempt  to 
destroy  and  remove,  or,  at  least,  to  wall  off  the  primary  causes  of 
the  disease,  to  neutralize  the  secondary  intoxications,  to  separate, 
dissolve,  and  remove  necrotic  tissue,  and  to  start  regenerative 
processes.  Of  the  general  effect,  leukocytosis  is  now  generally 
acknowledged  as  being  a  strong  means  of  defence.  Fever,  as  far 
as  the  elevation  of  temperature  is  concerned,  was  considered  already 
at  various  epochs  of  the  history  of  medicine  as  a  sign  of  the  body 
asserting  itself  against  the  disease.  It  is  now  assumed  by  some 
writers  that  it  assists  in  some  way  or  other  in  the  termination  of  the 
infection.  In  short,  all  the  signs  of  inflammation  are  now  considered 
as  factors  in  self-repair. 

It  is  interesting  to  observe  how,  on  the  basis  of  this  newest  con- 
ception, some  of  the  very  same  signs  which  were  previously  con- 
sidered as  essential  manifestations  of  the  disease  are  now  artificially 
produced  for  therapeutic  purposes.  There  is  to  be  mentioned,  in 
the  first  place,  the  production  of  venous  h^^eremia  in  the  treatment 
of  various  acute  and  chronic  diseases  of  the  body,  the  so-called 
Bier's  method.  The  results  seem  to  be  excellent  indeed.  Here  we 
see  a  brilliant  surgeon  developing  a  practical  medical  method  of 
treatment  on  the  very  basis  we  have  been  discussing  here — the  thera- 
peutics of  self-repair.  I  call  it  a  medical  method  because  it  requires 
no  knife  and  no  anesthetics,  and  should  be  learned  and  employed  by 
every  practitioner. 

The  various  attempts  to  influence  favorably  the  course  of  infec- 
tious diseases  by  the  artificial  production  of  leukocytosis  is  another 
venture  to  utilize  therapeutically  one  of  the  methods  of  defence  and 
self-repair  employed  by  the  body  against  the  cause  of  inflammation. 
As  examples  may  be  mentioned:  Landerer's  method  of  treating 
tuberculosis  by  intravenous  injections  of  hetol;  Lowy  and  Richter's 
experiments   upon    the   production   of   leukocytosis   by   pilocarpin, 
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spermin,  and  albumose-like  bodies;  Mikulicz's  attempts  to  increase 
the  peritoneal  resistance  to  postoperative  infections  by  the  injec- 
tions of  nucleinic  acid,  as  a  leiikotactic  substance. 

Fever  is  another  means  of  repair  which  is  now  being  tried  by 
various  investigators  to  employ  as  a  curative  agent.  Here  may  be 
mentioned  Buchner's  experiments  to  cure  anthrax  by  fever  brought 
on  by  injections  of  sterilized  emulsions  of  Friedlander's  pneumo- 
bacillus;  Dehio's  method  of  treatment  of  lupus  by  fever  produced 
by  injections  of  bacterial  proteins  and  albumoses;  and  Bier's  attempts 
to  produce  curative  fever  by  the  intravenous  injection  of  alien  blood. 

Finally,  we  have  to  mention  here  the  recent  interesting  experi- 
ments of  Opie,  in  which  tuberculosis  of  the  pleura  and  lungs  of  dogs 
was  cured,  or  greatly  mitigated,  by  the  intrapleural  injection  of  sterile 
pus  obtained  from  another  animal.  It  is  again  the  therapeutic 
employment  of  a  phenomenon  of  self-repair  occurring  in  the  local 
process  of  inflammation,  namely,  the  phagocytic  and  proteolytic  cell 
activity  of  the  emigrating  leukocytes. 

I  have  dwelt  upon  the  phenomena  of  inflammation  at  greater 
length  because  that  chapter  illustrates  the  modern  tendency  in 
pathology  to  look  upon  some  of  the  pathological  manifestations  as 
Nature's  efforts  for  self-repair,  and  at  the  same  time  shows  the 
tendencies  of  our  day  to  learn  in  therapeutics  from  the  methods 
employed  in  nature. 

With  regard  to  the  latter,  I  wish,  however,  to  append  here  a  few 
qualifying  remarks.  In  the  first  place,  that  learning  the  methods 
of  Nature  should  not  imply  that  we  have  to  follow  them  blindly. 
On  the  contrary,  we  ought  to  try  to  improve  upon  them.  Nature's 
methods  of  repair  lead  often  to  disastrous  results;  I  need  only  refer 
to  strictures  of  canals  following  the  natural  repairs;  or  to  formation 
of  abscesses  in  important  organs  without  the  possibility  of  a  spon- 
taneous innocent  outlet.  In  studying  self-repair,  we  need  only  to 
get  the  hint  as  to  Nature's  methods;  but  he  is  a  bad  pupil  who  does 
not  try  to  do  better  than  the  master. 

Furthermore,  even  if  we  acknowledge  that  certain  phenomena  of 
disease  are  Nature's  methods  of  repair,  it  does  not  follow^  that  we 
are  bound  to  tolerate  their  continuity  in  all  cases.  In  some  instances 
we  are  at  liberty  to  assume  that  the  method  is  a  wrong  one,  and  that 


meltzer:  the  ther-U'eutics  of  self-repair  447 

the  treatment  might  be  even  worse  than  the  disease.  For  instance, 
even  admitting  that  pain  in  articular  rheumatism  is  a  part  of  repair, 
by  thus  insuring  the  immobihty  of  the  joint  we  need  not,  and  should 
not,  accept  this  method  of  treatment.  Immobility  can  be  better 
attained  by  a  splint,  and  we  should,  therefore,  relieve  the  pain  by  an 
opiate  or  by  a  salicylate.  Or,  to  take  another  instance,  even  if  it  be 
true  that  fever  may  be  beneficial  in  some  cases,  it  is  wrong  to  permit 
its  excess  where  it  ob^dously  makes  the  patient  feel  miserable. 
Besides,  we  should  not  be  orthodox,  and  should  not  sacrifice  the 
patient's  comforts  to  mere  theories.  I  am  not  willing  to  accept 
Nature's  advice  to  treat  the  disease  by  fever  to  the  great  discomfort  of 
my  patient,  as  I  am  not  willing  to  treat  the  fever  with  the  cold  bath 
when,  to  use  Osier's  description,  the  patient  is  in  dread  of  it  and 
pitifully  begs  to  be  left  in  the  warm  bed.  We  ought  also  to  bear  in 
mind  that  our  duties  differ  from  the  self-imposed  task  of  Nature. 
Nature  strives  only  to  avoid  death;  the  physician  has  an  additional 
duty,  and  that  is  to  make  life  bearable.  Furthermore,  we  should 
not  lose  sight  of  the  fact  that  relieving  from  suffering  may  mean 
much  more  than  symptomatic  treatment;  in  some  cases  it  may 
mean  saving  life.  I  need  only  refer  to  one  well-known  fact  that 
general  or  local  anesthesia  may  save  life  by  avoiding  shock.  The 
recent  statement  that  the  fatal  effect  of  anaphylaxis  can  be  obviated 
by  ether  or  chloral  anesthesia  contains  to  my  mind  a  very  significant 
principle,  which  should  not  be  lost  sight  of  in  therapeutics. 

Without  dwelling  on  the  subject  any  further,  I  wish  to  emphasize 
my  view  that  phenomena  of  disease,  when  they  cause  serious  dis- 
comfort, ought  to  be  treated,  even  if  they  belong  to  the  group  of  self- 
repair,  provided,  of  course,  the  treatment  is  not  endangering  life. 

Returning  to  the  methods  of  repair  of  the  animal  body,  we  may 
say  in  general  that  the  living  organism  responds  with  a  reaction  to 
any  change  in  its  normal  condition;  the  reaction  may  be  local  or 
general,  or  both,  and  it  may  be  in  the  nature  of  an  increase  of  the 
normal  forces,  a  change  in  the  distribution  of  forces,  or  a  call 
upon  the  reserve  or  the  latent  forces;  or,  finally,  the  reaction  may 
consist  in  the  creation  of  entirely  new  forces. 

The  phenomena  of  inflammation  illustrate  the  several  varieties  of 
the  first-mentioned  reactions. 
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New  creations  are  the  antitoxins,  bacteriolysins,  antiendotoxins, 
agglutinins,  precipitins,  and  coagiilins.  These  phenomena  were 
recognized  only  within  recent  years,  and  it  is  entirely  premature  to 
assume  that  the  above  list  presents  all  the  new  substances  which  the 
organism  is  capable  of  producing  in  its  struggle  against  disease. 

The  therapeutics  which  are  based  upon  this  new  lesson  from 
Nature  have  already  attained  great  success.  I  need  not  speak  of 
diphtheria  antitoxin;  its  usefulness  is  above  doubt.  Last  year's 
experimentation  established  the  practical  efficiency  also  of  an  anti- 
endotoxin.  I  mean  the  serum  for  meningitis.  It  is  my  impression 
that  its  practical  efficiency  is  as  good  as  that  of  the  diphtheria  anti- 
toxin, if  not  even  better.  The  other  methods  of  treatment  by  passive 
and  active  immunizations  I  need  not  dwell  upon,  as  they  will  be 
treated  by  another  speaker. 

The  enumerated  instances  will  suffice  to  prove  my  contention 
that  the  fact  of  ;  pontaneous  recovery  of  the  organism  from  disease 
can  be,  and  has  already  been,  utilized  with  great  profit  in  favor  of 
scientific  and  practical  therapeutics. 

The  fact  of  tlie  spontaneous  recovery  has  frequently,  as  stated 
above,  been  utilized  as  an  argument  against  the  use  of  any  artificial 
treatment,  and  if  the  usefulnes;  of  any  treatment  was  admitted,  it 
was  that  of  physiological  therapeutics,  that  is,  to  improve  during 
disease  the  conditions  which  the  body  requires  during  health.  In 
the  foregoing  we  have  learned  that  there  are  methods  of  treatment 
which,  in  contradistinction  to  the  term  physiological  therapeutics, 
may  be  designated  as  pathological  therapeutics,  that  is,  the  employ- 
ment of  methods  of  treatment  along  the  lines  which  the  organism 
institutes  during  disease  in  its  efforts  of  defence  and  self-repair. 
Pathological  therapeutics  promise  to  be  the  most  efficient  method  of 
studying  therapy. 


ON  THE  PRESENT  STATUS  OF  SERUM  AND  VACCINE 

THERAPY. 


By  mark  WYMAN  RICHARDSOX,  M.D., 

BOSTON. 


In  the  early  nineties  the  study  of  the  poisons  of  diphtheria  and 
tetanus,  and  the  successful  production,  through  animal  inoculation, 
of  specific  antidotes  for  those  poisons,  led  not  unnaturally  to  the 
hope,  if  not  to  the  actual  expectation,  that  a  great  principle  had  been 
discovered  which  would  apply  equally  well  to  all  bacterial  disease. 

IMore  than  a  decade  has  passed,  however,  and,  speaking  broadly, 
the  great  mass  of  bacterial  disease  remains  outside  the  antitoxin 
category,  and  speculation  has  had  to  seek  other  theories  to  explain 
the  immunity  acquired  after  mfection  with  organisms  such  as 
typhoid  and  allied  bacilli,  the  cholera  spirillum,  and  the  various 
cocci. 

Experiment  soon  showed  that,  in  the  fight  against  this  class  of 
organisms,  nature  directed  her  efforts,  for  the  most  part,  against  the 
bacteria  themselves,  and  not,  to  any  marked  extent,  against  their 
toxins.  xAji  immense  and  valuable  literature  grew  up,  covering 
the  bactericidal  and  bacteriolytic  sera  (Pfeiffer).  Strenuously 
opposed  to  this — the  "humoral"  school  of  the  Grermans — was 
the  phagocytic  school  of  the  French,  led  by  Metchnikoff.  Each 
party  claimed  exclusive  possession  of  the  truth,  but,  as  is  commonly 
the  case,  time  has  shown  that  both  have  their  proper  spheres  of 
mfluence,  and,  more  recently,  extracellular  bacteriolysis  has  had  to 
yield  important  ground  to  the  specific  opsonin  and  phagocytosis. 
Bacterial  destruction,  however,  whether  it  be  by  bacteriolysis  or 
phagocytosis,  is  not  without  its  disadvantages;  it  may  be,  in  fact,  a 
sort   of   double-edged   sword,   for   disintegration   of   the   invading 
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organisms  sets  free  their  poisonous  contents,  and  disastrous  intoxi- 
cation may  be  the  result. 

Until  very  recently  there  has  been  a  sharp  distinction  drawn  be- 
tween these  intracellular  or  endotoxins,  as  seen  in  typhoid,  cholera, 
dysentery,  etc.,  and  the  extracellular  toxins  of  diphtheria  and 
tetanus.  The  bacilli  of  diphtheria  and  tetanus  produced  as  a  result 
of  the  growth  in  a  fluid  medium  a  soluble  toxin,  which,  when  inocu- 
lated into  a  proper  animal,  caused  the  formation  of  a  specific  anti- 
toxin, and  this  antitoxin  united  with  and  rendered  inert  definite 
amounts  of  toxin.  The  orgaiiisms  of  the  second  group,  however, 
produced  practically  no  toxin  in  fluid  media.  If  disintegrated  in 
any  way,  as  by  trituration,  when  dry  or  frozen  (liquid  air),  or  by 
autolysis,  they  gave  up  their  endotoxin.  To  this  endotoxin,  in 
animal  experiment,  could  be  produced  a  certain  amount  of  toler- 
ation, but  antitoxin  production  in  the  proper  sense  was  not  observed. 

Here,  again,  however,  clear  cut,  diametrically  opposed  ideas  have 
had  to  yield,  and  we  now  have  good  evidence  that  organisms,  such 
as  typhoid,  dysentery,  or  plague,  can  produce  soluble  poisons,  and 
that  antitoxins  of  a  moderate  strength  can  be  obtained. 

In  this  connection  it  is  interesting  to  note,  too,  that  other  possible 
means  for  rendering  bacterial  poisons  innocuous  are  being  suggested. 
Flexner,  for  instance,  has  pointed  out  the  possibility  that,  in  the 
process  of  opsonification  and  phagocytosis,  bacterial  endotoxins 
may  be  broken  up  into  less  harmful  compounds  and  a  condition  of 
detoxication  thereby  brought  about.  Emmerich  and  Loewe,  too, 
claim  for  their  pyocyaneus  enzymes  the  power  not  only  to  kill  diph- 
theria bacilli,  but  to  neutralize  their  toxins. 

Although  the  chief  studies  in  immunity  have  had  to  do  with  bac- 
teria and  the  infections  produced  by  them,  this  field  of  research  has 
been  broadened  very  markedly  in  recent  years,  so  that  a  great  variety 
of  animal  and  vegetable  cells  and  poisons,  with  their  corresponding 
antibodies,  have  been  the  subject  of  extensive  investigation.  Thus, 
we  have  hay  fever  antisera  specific  for  certain  vegetable  pollens, 
antitoxins  for  snake  venoms,  and  antisera  for  nearly  every  variety  of 
animal  cell,  most  important  of  which  is  the  antitoxic  and  cytotoxic 
serum  for  hyperthyroidism. 

Most  of  these  antisera  have  been  produced  by  inoculation  of 
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specific  substances  into  the  lower  animals.  The  blood  serum  of  these 
animals,  when  transferred  to  other  animals  and  to  man,  has  given 
varying  degrees  of  passive  immunity. 

More  recently  the  attempt  has  been  made  to  do  away  with  animal 
inoculation,  and,  by  the  direct  incorporation  of  morbific  material, 
to  protect  actively  the  human  individual  against  special  disease;  or, 
if  already  sick,  to  hasten  his  cure.  This  method  of  treatment  with 
specific  vaccines  is  one  of  very  wide  application  and  of  great  promise. 
Finally,  the  observed  natural  antagonism  of  one  disease  process  for 
another  has  led  empirically  to  the  artificial  induction  of  the  one  for 
the  cure  of  the  other.  This  antagonism  is  made  use  of  in  the  treat- 
ment of  sarcoma  and  leukemia  by  the  toxins  of  streptococcus  and 
bacillus  prodigiosus  (Coley).  In  the  same  category  would  be  placed 
the  treatment  of  diphtheria  by  the  filtrates  of  pyocyaneus  cultures — 
pyocyanase  (Emmerich  and  Loewe). 

Before  taking  up  the  question  of  specific  immune  sera  in  thera- 
peutics, it  will  be  well,  perhaps,  to  consider  briefly  the  uses  to  which 
simple  normal  blood  serum  has  been  put.  Most  important  in 
studies  upon  bacteriolysis  and  hemolysis,  as  furnishing  the  digestive 
ferment  or  complement  essential  for  the  completion  of  those  pro- 
cesses, fresh  normal  serum  has  not  fulfilled  the  hopes  once  enter- 
tained for  it  as  a  therapeutic  agent  in  bacterial  disease,  either  alone 
or  combined  with  specific  antisera. 

The  most  important  use  of  fresh  normal  serum  is  seen,  perhaps, 
in  the  prevention  and  cure  of  hemorrhage.  This  subject  has  been 
studied  especially  by  Weil  [International  Clinics,  Seventeenth  Series, 
vol.  iv),  who  finds  that  fresh  blood  serum  is  markedly  efficacious  with 
the  prevention  and  cure  of  hemorrhagic  dyscrasias  associated  with 
defective  coagulation  power.  ]Much  benefit  has  been  seen  in  hemo- 
philia, be  it  of  the  spontaneous  or  inherited  type,  in  acute  primary 
or  secondary  purpura,  with  hematuria  or  hemarthrosis,  or  in  severe 
anemias  with  a  tendency  to  hemorrhage. 

As  a  prophylactic  measure,  where  unavoidable  operations  are  to 
be  performed  upon  hemophiliacs,  or  where,  as  in  jaundice,  uncon- 
trollable hemorrhage  may  be  expected,  the  exliibition  of  fresh  serum 
is  of  great  service.  It  is  given  either  intravenously  or  subcutane- 
ously  in  doses  of  15  to  30  c.c,  and  takes  effect  in  twelve  to  twenty- 
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four  hours.  Improved  conditions  persist  one  to  three  months. 
Human  serum  is  most  effective,  but  horse  and  rabbit  sera  are  good. 
In  default  of  other  sera,  fresh  diphtheria  antitoxin  can  be  used. 
Aside  from  its  general  use,  local  applications  of  serum  to  bleeding 
points  or  surfaces  are  said  to  exert  marked  styptic  power. 

Because,  in  animal  experiment,  injection  of  sterilized  horse  serum 
into  the  peritoneal  cavity  caused  a  marked  determination  of  leuko- 
cytes toward  the  point  of  injection,  with  resulting  increased  resistance 
to  infection  with  Bacillus  coli  and  Staphylococcus  pyogenes,  Petit 
{New  York  Medical  Journal,  June  22,  1907)  has  used  this  serum  as 
a  local  application  in  more  than  100  cases  of  human  infection.  Non- 
septic  abdomens  have  been  washed  out  with  the  serum  to  make  them 
more  resistant  to  possible  infection,  and  already  septic  abdomens, 
septic  uteri,  and  septic  open  wounds  have  been  packed  with  gauze 
saturated  with  the  serum  with  excellent  results  as  to  healing  and 
cicatrization. 

Actinomycosis.  Wynn  {British  MedicalJ  ournal,  March  7,  1908) 
has  treated  a  case  of  actinomycosis  of  the  lung  with  a  specific  autoge- 
nous vaccine.  A  forty-eight  hour  agar  culture  was  heated  to  60°  C. 
for  one  hour.  It  was  then  ground  up  in  an  agate  mortar  and  sus- 
pended in  normal  salt  solution  with  10  per  cent,  of  glycerin.  1  c.c. 
of  this  suspension  was  equal  to  1  mg.  of  "actinomycotin."  Beginning 
with  a  dose  of  xroir  ^^S-'  ^^^  inoculations  were  made  in  eleven  weeks. 
Improvement,  general  and  local,  was  rapid,  and  the  patient  was  well 
one  year  after  last  inoculation. 

Anthrax.  Legge  {British  Medical  Journal,  1905,  vol.  i)  col- 
lected 65  cases  of  anthrax,  with  2  deaths,  under  treatment  with  a 
specific  antiserum  prepared  according  to  Sclavo.  Serum  is  pro- 
duced by  inoculation  of  asses,  first  with  bacterial  vaccines,  then 
with  living  cultures  of  increasing  virulence.  The  serum  is  thought 
to  be  not  especially  antitoxic  or  bactericidal,  but  to  act  by  stimu- 
lation of  phagocytosis.  The  dose  is  40  c.c,  and  is  given  subcu- 
taneously.  Marked  improvement  is  seen  in  patient's  condition  by 
the  third  day. 

Cancer.  Paine  and  Morgan  {Medico-Chirurgical  Transactions 
of  London,  1906,  707)  subjected  Doyen's  anticancer  serum  to 
critical  tests,  and  found  it  entirely  lacking  in  power,  clinically  and 
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experimentally.  The  micrococcus  neoformans,  the  cause  of  cancer 
according  to  Doyen,  and  by  the  inoculation  of  which  the  anti- 
cancer serum  was  produced,  was  found  by  Paine  and  ^lorgan  only 
rarely  in  malignant  tumors,  and  then  most  presumably  through 
some  contamination.  In  animal  experiment  this  organism  pro- 
duced no  tumor  formation.  ^loreover,  Doyen's  own  experimental 
tumors  represented  only  inflammatory  tissue. 

Cerebrospinal  Meningitis.  In  no  disease  has  serum  treatment 
made  more  advance  in  recent  years  than  in  cerebrospinal  menin- 
gitis, ^lost  important  in  this  advance  has  been  the  work  of  Flexner 
and  his  associates  (Flexner  and  Jobling,  Journal  of  Experimental 
Medicine,  1908,  No.  1). 

Briefly,  the  serum  is  produced  in  horses  by  subcutaneous  in- 
oculation of  dead  cultures,  living  cultures,  and  autolysates  of  dead 
cultures.  ]\Iany  different  strains  of  the  meningococcus  are  used. 
After  a  year  of  immunization,  the  serum  of  such  a  horse  has  been 
used  intradurally  after  lumbar  puncture  in  130  cases,  with  35 
deaths — a  mortality  of  27  per  cent.  Dose,  20  to  30  c.c,  and  may  be 
repeated  daily  for  four  to  five  days  if  necessary.  AVhen  cases  are 
treated  within  the  first  twenty-four  hours  the  results  are  most  bril- 
liant (see  Dunn,  Boston  Medical  and  Surgical  Journal,  ]\Iarch 
19,  1908). 

The  serum  seems  to  act  by  stimulating  phagocytosis,  which 
destroys  the  cocci  and  renders  harmless  their  endotoxins. 

Quite  similar  results  have  been  seen  in  Germany.  Levy  (Deut. 
vied.  Woch.,  January  23,  1908),  using  a  serum  prepared  by  AVasser- 
mann,  had  a  death  rate  of  only  11.76  per  cent,  in  17  cases  in  which 
serum  was  given  intradurally.  In  14  untreated  cases  the  mortality 
was  78  per  cent. 

Very  interesting  is  a  case  of  cerebrospinal  meningitis  described 
by  Peabody  (Medical  Record,  IMarch  14,  1908).  The  infecting 
organism  was,  in  this  case,  the  streptococcus.  Six  intradural 
inoculations  of  streptococcus  serum,  in  doses  of  10  c.c.  each,  were 
given  in  eight  days.  After  the  second  inoculation  the  spinal  fluid 
became  sterile  and  remained  so.  Clinically  the  patient  improved 
rapidly,  and  recovered. 

This  success  with  a  streptococcus  meningitis  suggests  immediately, 
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of  course,  the  treatment  of  other  bacterial  invasions  of  the  meninges 
(pneumococcus,  or  typhoid  bacillus),  with  corresponding  antisera. 
It  is  more  than  probal)le  that  such  sera,  though  of  doubtful  value 
when  given  subcutaneously,  might  show  valuable  properties  if 
applied  in  concentrated  form  at  the  very  seat  of  infection. 

Bacterial  vaccines  have  been  used  in  cerebrospinal  meningitis 
with  success  by  McKenzie  (British  Medical  Journal,  June  15,  1907), 
and  by  Rundle  and  IMottram  (Lancet,  July  27,  1907),  but  in  the 
presence  of  such  encouraging  serum  therapy  their  use  does  not 
seem  likely  to  be  extensive. 

Unique  is  the  experience  of  Radman  (Miinch.  med.  U^och.,  July 
4,  1907),  who  inoculated  two  patients  subcutaneously  with  8  c.c.  of 
their  own  cerebrospinal  exudate.  No  harm  was  done,  and  Radman 
thinks  this  form  of  serotherapy  has  a  hopeful  future. 

Cholera.  Prophylaxis.  Haffkine  (Bidletin  de  VInstitut  Pas- 
teur, September  15  and  30,  1906)  states  that  incidence  of  disease 
among  the  inoculated  is  one-tenth  that  of  the  uninoculated.  Effect 
of  inoculation  lasts  fourteen  months.  If  the  disease  is  contracted, 
however,  the  course  and  mortality  is  the  same  in  inoculated  and 
uninoculated. 

Effective  antisera  have  not  been  developed. 

Infection  Due  to  Colon  Bacillus.  Colon  infections,  espe- 
cially those  of  the  urinary  tract,  seem  particularly  favorable  for 
vaccine  treatment.  Subjective  improvement  is  oftentimes  very 
striking.  Pain  and  frequency  of  micturition  are  relieved  quickly, 
and  there  is  much  general  improvement.  The  character  of  the 
urine,  however,  changes  but  slowly,  and  complete  elimination  of 
bacteria  from  the  urine  is  rare. 

Colon  vaccines  were  used  by  Wright  and  Reid  with  success  in  two 
gall-bladder  fistula^  after  operation  for  gallstones. 

They  have  been  used  also  with  possible  advantage  after  appendix 
operations. 

Diphtheria.  little  new  can  be  said  on  the  subject  of  diphtheria 
antitoxin.  It  continues  to  be  first  and  foremost  of  the  antisera. 
The  unbelievers  become  fewer  every  year.  To  the  unconvinced, 
however,  I  would  advise  the  study  of  a  chart  shown  by  Park  in  his 
Harvey  lecture  of  1905-06.     The  mortality  rate  per  100,000  from 
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diphtheria  and  croup  in  nineteen  large  cities  of  Europe,  England, 
and  the  United  States,  from  1878  to  1905,  is  here  tabulated  by  years. 
The  simultaneous  reduction  in  the  death  rate  from  diphtheria  and 
croup  in  all  these  widely  separated  cities  since  the  introduction  of 
antitoxin  is  most  striking  and  gratifying  (see  figure). 

The  prophylactic  benefits  of  antitoxin  are  well  exemplified  in  a 
report  of  Terribile  (Gaz.  degli  Ospedali,  ]\Iilan,  x\'^'iii),  who  made 
2500  preventive  inoculations  in  a  recent  epidemic.  Of  those  inoc- 
ulated, only  17  took  the  disease,  and  none  died. 
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Deaths  per  100,000  from  croup  and  diphtheria  in  nineteen  large  cities  (1878-1905). 

(Park.) 

Comby  (Bull.  Mrd.,  Paris,  1907,  442)  urges  very  strongly  the  use 
of  frequent  and  large  doses  of  "antitoxin  in  cases  of  diphtheritic 
paralysis,  whether  recent  or  old,  light  or  severe,  in  child  or  adult. 
He  repeats  the  injection  every  day  for  six  days  if  necessary,  and  has 
cured  all  of  13  cases.  Of  these  13,  7  had  antitoxin  during  original 
disea.se;  6  had  not. 
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The  methods  of  Park  and  his  co-workers  for  the  refinement  of 
diphtheria  antitoxin  have  been  recognized  as  well  founded,  and  very 
generally  adopted. 

For  a  number  of  years  Emmerich  and  Loewe  have  claimed 
marked  bactericidal  and  antitoxic  properties  for  their  filtrates  of 
cultures  of  the  Bacillus  pyocyaneus. 

Very  recently  ^Nliihsam  (Deut.  med.  Woch.,  February  6,  1908)  has 
investigated  this  substance,  and  substantiates  in  part  the  claim  made 
for  it.  Experimentally  it  does  inhibit  markedly  the  growth  of  diph- 
theria bacilli  and  many  other  bacteria.  It  seems  also  to  neutralize 
in  some  way  diphtheria  toxin.  Clinically,  the  pyocyanase  does  no 
harm,  and  seems  to  digest  the  membrane  in  quite  a  remarkable 
manner.  The  fever  is  much  decreased  and  the  general  condition  of 
the  patient  much  improved.  It  is  not  to  be  used  alone,  but  together 
with  antitoxin. 

Bacillary  Dysentery.  Specific  therapy  has  made  a  great  deal 
of  progress  in  this  disease.  Considerable  confusion  has  arisen 
because  of  the  varying  types  of  bacillus  found  in  different  epidemics. 
The  Shiga-Kruse  variety  has  been  found  to  be  more  virulent  than 
the  Flexner  type,  and  more  efficient  in  the  production  of  an  anti- 
serum. A  polyvalent  serum,  produced  by  inoculation  with  both 
types  of  bacilli,  has  been  suggested,  and  would  seem  to  have  the  best 
outlook.  The  serum  is  both  bactericidal  and  antitoxic.  Good 
results  cannot  be  expected  unless  the  patient  is  injected  with  a 
serum  corresponding  to  the  infecting  organism.  Bacteriological 
diagnosis  is,  therefore,  very  important,  unless  a  polyvalent  serum  be 
available. 

As  to  the  efficacy  of  the  serum,  reports  from  Japan,  Austria, 
France,  Russia,  and  England  agree  in  according  it  marked  power. 
Shiga  (Osier,  Modern  Medicine)  treated  298  cases,  with  a  death  rate 
of  9  to  12  per  cent.  The  length  of  the  disease  in  those  who  recovered 
was  twenty-five  days;  in  those  who  died,  sixteen  days. 

In  212  cases  treated  with  drugs  the  mortality  was  22  to  26  per 
cent.  Those  who  recovered  were  sick  forty  days;  those  who  died, 
eleven  days. 

In  Russia,  Rosenthal  gave  serum  treatment  to  157  cases,  with 
only  8  deaths — 5.1  per  cent. 
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Prophylaxis.  Shiga  inoculated  10,000  people  in  Japan  with  a 
mixture  of  dead  bacilli  and  specific  serum.  Incidence  of  the  disease 
was  not  much  affected,  but  mortality  was  reduced  from  20  to  30  per 
cent,  to  practically  nothing. 

Treatment  of  the  original  disease  with  specific  vaccines  has  been 
tried  in  a  few  cases  with  success. 

Erysipelas.  Schorer  (American  Journal  of  Medical  Sciences, 
1907,  p.  728)  treated  37  cases  of  erysipelas  with  streptococcus  vaccine 
(four  strains).  The  disease  was  apparently  shortened  somewhat, 
but  migration  or  recurrence  was  not  prevented. 

Exophthalmic  Goitre.  Bulkeley  (Boston  Medical  and  Surgical 
Journal,  1907,  p.  626)  reviewed  all  cases  which  had  received  specific 
treatment  except  those  of  Beebe  and  Rogers.  This  series  numbered 
86,  of  which  80  were  benefited;  6  were  not.  In  16  cases  the  disease 
was  probably  cured.  The  substances  used  were  thyroidectin, 
Moebius'  serum,  rodagen  (dried  milk  powder  of  thyroidectomized 
animals),  parathyroids  of  cows,  milk  of  thyroidectomized  goats, 
Murray's  serum  (animals  fed  with  thyroid  extract). 

Beebe  and  Rogers  (Journal  of  the  American  Medical  Association, 
September  1,  1906)  report  90  cases,  of  which,  23  are  regarded  as 
cured,  52  improved,  11  not  benefited,  4  died.  Their  serum,  pro- 
duced by  intraperitoneal  inoculation  of  Belgian  hares  with  neucleo- 
proteids  and  thyroglobulin  from  pathological  and  normal  thyroids, 
exerts  an  antitoxic  effect  and  also  an  inhibitory  action  upon  cells  of 
the  glands. 

Inasmuch  as  all  writers  agree  that  specific  antithyroid  therapy 
has  been  followed  by  beneficial  results  of  greater  or  less  degree,  work 
alons:  this  line  would  seem  to  have  a  substantial  basis  with  much 
promise  for  the  future. 

GoxoRRHEA.  The  treatment  of  the  common  infections  of  the 
urethra  and  conjunctiva  by  specific  gonorrheal  sera  and  vaccines 
has  not,  thus  far,  met  with  much  success.  In  certain  secondary 
involvements,  however,  the  outcome  is  more  encouraging.  Rogers 
and  Torrey  (Journal  of  the  American  Medical  Association,  Septem- 
ber 14,  1907)  report  a  series  of  98  gonorrheal  joints  treated  with  a 
polyvalent  gonorrheal  serum.  Eighty  per  cent,  of  the  cases  were 
cured    or  much  improved.     Twenty  per  cent,  showed  slight  or  no 
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iiiiprovemeiit.  Not  much  can  be  hoped  for  in  chronic  cases  with 
structural  changes  in  the  joints. 

Porter  {.Journal  of  the  Royal  Army  Medical  Corps,  1907,  p.  513) 
had  similar  favorable  results  in  7  cases  of  gonorrheal  joints.  He 
thinks  the  cases  remarkably  free  from  complicating  disabilities. 
Moreover,  the  primary  urethritis  seemed  to  him  to  be  favorably 
affected. 

Swinburne  (Journal  of  the  American  Medical  Association,  1907, 
319)  was  much  impressed  with  the  action  of  Rogers'  and  Torrey's 
serum  on  11  cases  of  gonorrheal  epididymitis.  In  2  cases  treatment 
was  instituted  very  early  (in  S  cases  within  twenty-four  hours),  and 
the  course  of  the  disease  seemed  to  be  remarkably  modified  and 
shortened. 

The  use  of  specific  vaccines  in  gonorrheal  joints  has  been  followed 
in  most  instances  by  favorable  reports.  Cole  and  ]\Ieakins  {Johns 
Hopkins  Hospital  Bulletin,  June  to  July,  1907,)  in  an  experience 
with  15  cases,  thought  distinct  benefit  was  conferred  by  inocu- 
lation. 

At  the  Massachusetts  General  Hospital,  Dr.  H.  F,  Hartwell  has 
treated  31  cases  (as  yet  unpublished)  with  encouraging  results.  In 
a  personal  communication,  Dr.  Hartwell  says:  "There  were  31 
gonorrheal  joints,  14  acute,  17  subacute  and  chronic.  In  11  cases 
the  gonococcus  was  obtained  from  urethra  and  grown  in  pure 
cultures.  In  3  cases  cultures  were  made  from  joints  with  1  positive 
result. 

"In  14  acute  cases,  average  time  from  beginning  treatment  till 
resuming  work  was  six  to  seven  weeks;  the  shortest,  three;  the 
longest,  twentv  and  one-half  weeks.  In  addition  to  vaccines  thev  had 
fixation  while  the  acute  symptoms  lasted,  and  some  had  baking  and 
massage. 

"All  but  3  obtained  complete  motion  in  the  affected  joints;  2  of 
these  were  infections  of  the  right  wrist  and  hand,  and  in  both 
motion  in  the  wrist  is  limited  by  adhesions.  In  1,  an  infection  of 
the  metacarpo-phalangeal  joint,  stiffness  persisted.  These  3  cases 
w^ere  treated  with  stock  vaccine. 

"In  the  17  subacute  and  chronic  cases  disability  in  the  joints  had 
existed  for  periods  varying  from  three  weeks  to  two  years.     Average 
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duration  of  treatment,  5.9  weeks;  shortest,  H;  longest,  12^  weeks. 
In  some  cases  passive  motion  on  Zander  machines  was  used. 

"All  were  discharged  with  good  functionating  joints.  One  case,  in 
addition  to  multiple  subacute  joints,  had  adhesions  in  both  hips,  the 
residt  of  a  previous  infection.  Treatment  had  no  effect  on  the 
adhesions. 

"It  seems  doubtful  if  vaccines  had  any  influence  on  shortening  the 
acute  symptoms,  although  the  variation  in  the  individual  infection 
makes  this  difficult  to  determine. 

"In  chronic  joints  response  to  treatment  was  more  obvious,  and 
cases  which  had  been  obstinate  for  a  long  time  seemed  to  clear  up 
more  rapidly  under  vaccine  treatment.  No  appreciable  effect  was 
noted  in  lessening  the  urethral  discharge." 

Somewhat  exceptionally,  Butler  and  Long  {Journal  of  the  American 
Medical  Association,  ]March  7,  1908)  had  marked  success  in  the 
treatment  of  vulvovaginitis  in  children  with  gonorrheal  vaccines. 
Most  of  the  cases  had  been  doing  badly  on  routine  treatment.  Re- 
sults of  vaccine  treatment  were  much  more  sharp  and  definite. 
Patients  stayed  less  long  in  the  hospital.  Two  cases  which  had 
not  improved  on  a  monovalent  vaccine  improved  rapidly  when  a 
polyvalent  vaccine  was  substituted. 

Altogether,  the  outcome  for  specific  treatment  in  gonorrhea,  in 
some  of  its  phases,  at  least,  is  distinctly  hopeful.  If  vaccines  will 
accomplish  as  much  as  sera,  the  question  will,  of  course,  be  much 
simplified. 

Hay  Fe^'er.  The  report  of  Curtis  (Journal  of  the  American 
Medical  Association,  July  13,  1907)  shows  that  there  is  anything  but 
unanimity  among  specialists  as  to  the  therapeutic  value  of  pollantin. 
Curtis  says  that  "in  response  to  300  incjuiries  from  specialists,  the 
great  majority  states  that,  w^ithout  the  removal  of  ridges,  spurs,  etc., 
the  treatment  has  been  unsatisfactory." 

Knight,  on  the  other  hand  (Medical  Record,  New  York,  March 
10,  1906),  who  collected  219  cases  from  eighty-one  physicians, 
found  that  52  per  cent,  of  the  cases  were  effectively  benefited,  30  per 
cent,  partially  benefited,  IS  per  cent,  not  benefited. 

Leprosy.  In  an  effort  to  influence  favorably  the  course  of  leprosy, 
a  number  of  difi'erent  substances  have  been  made  use  of.     Among 
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these  may  be  mentioned  tuberculin,  diphtheria  antitoxin,  antisnake 
venom,  and  sera  produced  by  inoculation  into  animals  of  ground-up 
leprous  nodules. 

More  recently,  Rost,  of  the  Indian  IMedical  Service  (referred  to  by 
Dyer,  Osier's  Modern  Medicine),  has  inoculated  124  cases  with  the 
filtrates  of  a  six  months'  old  culture  of  the  leprosy  bacillus  upon  a 
special  medium.  Fourteen  cases  have  been  cured.  The  others 
have  shown  marked  improvement. 

Deycke  (British  Medical  Journal,  April  4,  1908)  has  isolated  from 
leprous  nodules  what  he  calls  streptothrix  leproides.  Extraction  of 
this  with  ether  gives  a  neutral  fat,  which  he  calls  "nastin."  Com- 
bined with  benzoyl  chloride,  nastin  becomes  much  more  powerful, 
and,  injected  into  patients,  causes  a  reaction  quite  similar  to  the 
tuberculin  reaction.  After  inoculation,  the  lepra  bacilli  in  the 
nodules  show  marked  degeneration  and  bacteriolysis.  Results  upon 
40  patients  give  Deycke  much  encouragement. 

Leukemia.  Samson  (Berl.  klin.  Woch.,  February  3,  1908)  re- 
ports a  case  of  a  child  with  lymphatic  leukemia,  in  which  the  leu- 
kemic signs  and  symptoms  completely  disappeared  during  an 
intercurrent  attack  of  noma.  After  the  subsidence  of  the  noma, 
however,  the  leukemic  conditions  recurred,  and  the  child  died. 

Larrabee  (Boston  Medical  and  Surgical  Journal,  February  6, 
1908)  has  treated  4  cases  of  leukemia  with  the  mixed  toxins  of 
Streptococcus  and  Bacillus  prodigiosus  (Coley).  The  first  case  was 
of  the  splenomyelogenous  type,  and  was  greatly  improved.  Of  3 
lymphatic  leukemias,  1  was  slightly  improved  and  2  not  improved. 

Personally,  I  have  used  these  toxins  in  1  case  of  lymphatic  leu- 
kemia in  its  last  stages.  Coincident  with  the  inoculation  the 
glandular  enlargements  decreased,  as  did  also  the  size  of  the  spleen. 
The  blood  picture  also  improved  a  good  deal.  The  patient,  how- 
ever, lost  strength  steadily,  and  finally  succumbed  to  an  intercurrent 
pneumonia. 

Plague.  Haffkine  (Bull,  de  Vlnstitut  Pasteur,  October  30;  1906) 
states  that  among  639,630  uninoculated  persons  there  occurred 
49,433  cases  of  plague  (7.7  per  cent.),  with  29,733  deaths  (4.7  per 
cent).  Of  186,797  who  had  been  inoculated  with  plague  vaccine, 
3399  (1.8  per  cent.)  took  the  disease,  and  814  (0.4  per  cent.)  died. 
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Production  of  immunity  is  quite  rapid.  So  much  so  that  Hatl'kine 
believes  that  vaccines  used  verv  early  in  the  disease  can  be  of  service 
in  aborting  it. 

As  to  serum  treatment,  Bannermann  and  Terni  compared  1014 
cases  treated  with  four  kinds  of  serum  with  1020  untreated  cases, 
and  found  the  mortality  practically  the  same.  Early  treatment  is 
very  important.  Choksy,  who  has  had  large  experience,  had  in 
private  practice  a  death  rate  of  40  per  cent.,  as  compared  with  (32  per 
cent,  in  hospital  cases  which  came  under  treatment  on  the  average 
much  later. 

Pneumonia.  Antipneumococcus  serum  has  been  used  by  a 
number  of  clinicians  here  and  abroad.  Individuals  have  been 
enthusiastic  in  its  praise,  but  the  consensus  of  opinion  is  against 
its  having  any  marked  therapeutic  value. 

Treatment  with  specific  vaccines  has  been  tried  by  Wolf  (Journal 
of  Infectious  Diseases,  1906,  p.  739)  in  14  cases,  with  3  deaths— 
27.2  per  cent.  ^Mortality  in  untreated  cases  for  same  epidemic  was 
40  per  cent.  Vaccination  was  followed  by  rise  in  opsonic  index,  and 
crisis  occurred,  in  those  who  recovered,  within  eighteen  hours  in  all 
cases  except  one.  Five  cases  had  crisis  on  third  day,  3  on  fourth,  1 
on  fifth,  2  on  sixth  dav.  Further  investigation  along  these  lines 
would  seem  to  be  indicated. 

Empyemas  due  to  pneumococcus  have  seemed,  in  the  hands  of  a 
number  of  observers,  to  be  especially  amenable  to  vaccine  treat- 
ment. 

Sarcoma.  Coley  {Boston  Medical  and  Surgical  Journal,  Febru- 
ary 6  1908,),  in  a  recent  report  on  the  treatment  of  sarcoma  with 
the  toxins  of  streptococcus  and  bacillus  prodigiosus,  says  that  to  date, 
in  47  personal  cases  and  100  of  other  surgeons,  the  tumors  have  com- 
pletely disappeared.  In  28  personal  cases  and  30  of  other  physicians 
there  has  been  no  recurrence  for  a  period  of  three  years.  Among  his 
personal  cases  there  were  sarcomata  of  every  kind  but  melanotic. 
In  a  majority  of  instances  the  diagnosis  was  confirmed  by  patholo- 
gists of  the  first  class. 

Snake  Venoms.  Early  in  his  studies  upon  snake  venoms  and 
their  antidotes  Calmette  thought  that  anticobra  venom  would  be 
efficient  against  other  venoms  as  well.     ]\Iore  recent  work,  however. 
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by  I^amb,  also  by  Flexner  and  Xoguchi,  has  shown  that  antivenoms 
are  higlily,  if  not  absolutely,  specific.  To  be  of  any  practical  value, 
therefore,  a  protective  serum  will  have  to  be  polp^alent. 

Staphylococcus  Infection.  As  is  well  known,  results  in 
staphylococcus  infections  treated  with  specific  vaccines  have  been 
more  encouraging  than  in  any  other  variety  of  bacterial  invasion. 
Opinion  is  practically  unanimous  that  acne,  boils,  carbuncles, 
sycosis,  furunculosis,  etc.,  are  very  favorably  influenced.  Whether 
general  blood  invasion,  with  its  high  mortality,  can  be  controlled 
remains  to  be  seen.  Early  blood  cultures  must  become,  in  these 
cases  of  general  sepsis,  from  whatever  germ,  more  a  matter  of 
course,  for  in  this  way  only  does  early  diagnosis  and  early  specific 
treatment  with  autogenous  vaccines  become  possible. 

Streptococcus.  The  question  of  streptococcus  infections  and 
their  treatment  with  specific  sera  and  vaccines  is  still  very  confused. 
The  differences  in  race  and  virulence  of  various  streptococci  make 
the  study  of  immunity  most  difficult.  In  all  the  discussions,  how- 
ever, pohwalence,  be  it  of  serum  or  vaccine,  is  an  acknowledged  point 
of  great  importance.  Treatment,  furthermore,  must  be  begun  at 
the  earliest  possible  moment.  Statistics  are  unsatisfactory,  but  the 
general  impression  is  that  specific  therapy  does  good.  Generally 
speaking,  local  infections  have  done  the  best. 

The  recent  literature  shows,  however,  a  number  of  cases  of  general 
streptococcus  sepsis  treated  successfully  with  autogenous  vaccines. 
No  harm  has  been  done  apparently,  and  the  method  should  surely 
be  given  a  trial. 

Most  interesting  and  encouraging  has  been  the  study  of  scarlet 
fever  and  its  relation  to  the  streptococcus.  AVork  by  Gabritschewsky 
and  other  Russians  has  emphasized  the  important  role  played  by  the 
streptococcus  in  scarlet  fever.  They  point  out  that  the  strepto- 
coccus is  present  in  many  scarlet  fever  throats;  that  streptococcus 
vaccines  cause  scarlatiniform  eruptions;  that  complement  devia- 
tion shows  streptococcus  amboceptors  in  scarlet  fever  blood;  that 
the  mortality  in  scarlet  fever  has  been  markedly  reduced  by  the  use 
of  a  serum  produced  by  inocidation  of  a  scarlet  fever  streptococcus 
(Moser),  and,  finally,  that  by  inoculation  of  streptococcus  vaccines 
marked  prophylaxis  against  scarlet  fever  has  been  secured. 
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Tetanus.  There  is  practically  no  dissent  from  the  view  that 
tetanus  antitoxin  is  all  powerful  in  prophylaxis.  It  must  be  given 
as  early  as  possible.  The  greater  the  delay  the  larger  the  dose 
should  be. 

As  to  treatment  of  the  declared  disease,  opinions  differ.  One 
observer  has  said  that  "light  cases  get  well  without  serum  and  severe 
cases  die  with  it." 

Brandenstein  (Deidsch.  Zeit.  /'.  Chir.,  vol.  xcii)  treated  30  cases 
with  serum  subcutaneously,  with  16  deaths — mortality  80  per  cent. 
Hoffmann  (Zeit.  z.  klin.  Chir.,  vol.  Iv,  October)  treated  13  cases  sub- 
cutaneously, wath  7  deaths — 53.8  per  cent.  In  16  cases,  however 
where  serum  was  injected  intradurally,  only  2  died.  One  of  them 
died  from  a  complicating  pneumonia.  The  other  was  very  weak 
after  the  amputation  of  an  arm  for  sarcoma,  and  would  have  died 
anyhow  in  all  probability.  Discarding  these  two  cases,  Hoffmann 
has  with  intradural  inoculation  of  serum  a  clean  slate  of  14  cases, 
with  no  deaths. 

Tuberculosis.  Through  ignorance  of  its  dangers,  specific 
therapy  in  tuberculosis  received  in  its  infancy  a  setback  which  it  has 
taken  years  for  it  to  recover  from.  Gradually,  however,  its  laws  and 
limitations  have  become  better  known,  and  its  great  value  is  now 
recognized  the  world  over.  I  refer  now  especially  to  active  immu- 
nization produced  by  direct  inoculation  of  the  tubercle  bacilus  or 
its  products. 

It  makes  little  difference  apparently  what  variety  of  tuberculin  is 
used.  More  depends  upon  the  method  and  skill  of  the  physician. 
Inasmuch  as,  in  animal  experiment,  inoculation  with  the  living- 
bacillus  produces  the  strongest  immunity,  we  should,  theoretically 
at  least,  aim  to  approach  as  nearly  as  possible  these  conditions  in 
human  treatment.  This  would  be  secured  approximately  by  a 
combination  of  living  filtrate  (tuberculin  B.  F.  of  Denys)  with  bacil- 
lary  emulsion  (tuberculin  B.  E.  of  Koch).  Corresponding  tubercu- 
lins of  the  bovine  type  are  much  used  by  Spengler,  who  claims  that 
there  is  a  mutual  antagonism  between  the  two  varieties  of  bacilli  and 
their  pathological  processes.  Be  that  as  it  may,  bovine  tuberculins 
may  well  be  tried  on  those  cases  which  do  not  improve  on  the  human 
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The  whole  question  of  tubercuHn  treatment  as  practise:!  by 
experts,  such  as  Trudeau  and  Denys,  has  been  well  summed 
up  by  Ringer  in  the  dicta  that  "time  and  tolerance"  are  the  essential 
things,  and  that  the  word  "haste"  has  no  place  in  treatment  with 
tuberculins.  Although  in  the  past  a  careful  selection  of  cases  for 
tuberculin  treatment  has  been  deemed  essential,  the  opinion  seems 
to  grow  that  practically  any  case  can  be  inoculated  if  sufficient  care 
be  exercised. 

Allen  {Journal  of  the  American  Medical  Association,  1907,  July  20) 
has  recommended  in  tuberculosis  a  vaccine  made  from  tuberculous 
sputum.  Such  a  vaccine  has  a  number  of  theoretical  advantages. 
It  is  a  mixed  vaccine — contains  primary  and  secondary  invaders ;  the 
bacteria  concerned  are  homologous,  and  their  fighting  powers  have 
not  been  diminished  by  artificial  cultivation. 

Specific  antisera  have  been  used  especially  in  Europe.  The  best 
known  are  those  of  Marmorek  and  Maragliano.  Opinions  of  these 
in  their  own  countries  have  been,  on  the  whole,  favorable,  but  as  tried 
in  this  country  at  the  Phipps  Institute,  and  at  Saranac,  results  have 
shown  them  to  be  of  doubtful  value. 

Typhoid  Fever.  Prophylaxis.  As  a  result  of  specific  inocula- 
tion of  large  numbers  of  troops  in  the  British  army  the  following 
results  were  obtained  bv  Wright:  Of  1758  inoculated,  142  died — 
8  per  cent.  Of  the  uninoculated,  of  whom  there  were  10,980,  under 
the  same  general  conditions,  1800  died — 16.6  per  cent.  The  inci- 
dence of  the  disease  in  the  various  squadrons  was  anwhere  from 
two-  to  twenty-eight-fold  greater  in  the  uninoculated  than  in  the 
inoculated. 

As  an  inoculating  fluid,  Wright  used  dead  cultures,  and  two  doses 
were  given  to  secure  the  best  results.  The  only  disadvantage  of  the 
procedure  seemed  to  be  that  inoculation  is  followed  by  a  short 
period  of  hypersusceptibility  to  infection.  Increased  immunity 
seemed  to  last  from  one  to  three  years. 

The  experience  of  the  Germans  with  antityphoid  inoculation  has 
not  been  so  extensive,  but  in  the  main  confirms  Wright's  results 
(see  Morgenroth,  in  Kolle  u.  Wassermann's  Handbuch  der  patho- 
genen  Mikro-organismen,  Ergaenzungs  Band,  No.  1,  S.  234).  Of 
424  typhoids,  324  had  not  been  inoculated.     Uninoculated  mor- 
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talitv,  11.9  per  cent.;  inoculated,  4  per  cent.  In  the  inoculated 
the  disease  was  milder  and  had  fewer  complications  and  relapses. 

In  the  serum  treatment  of  typhoid  no  one  has  approached  in  expe- 
rience or  success  Chantemesse  {Hygiene  gen.  et  applique,  Paris,  1907, 
577)  in  Paris.  With  his  colleagues  he  has  treated  1000  cases,  with  a 
death  rate  of  4.3  per  cent.  Of  5621  cases  who  were  given  routine 
treatment  during  the  same  period,  17  per  cent.  died.  Of  patients 
who  were  given  serum  treatment  before  the  seventh  day,  Chante- 
messe lost  not  a  single  one.  The  nature  of  Chantemesse's  serum  is 
difficult  to  understand.  He  speaks  of  it  as  antitoxic,  and  as  pro- 
duced by  inoculation  of  horses  with  a  true  typhoid  toxin.  It  does 
not,  however,  act  directly  upon  the  toxin,  as  does  the  diphtheria 
antitoxin,  but  in  some  way  indirectly.  It  stimulates  the  spleen, 
bone  marrow,  and  other  lymphatic  apparatus  to  increased  opsonin 
production.  The  sicker  the  individual,  the  smaller  must  be  the 
dose,  lest  too  many  bacilli  be  destroyed  at  once.  There  would  seem 
to  be,  therefore,  a  strong  bactericidal  element  in  the  serum.  The 
serum  treatment  is  combined  with  cold  bath  treatment,  and  calcium 
chloride  is  given  as  a  routine  measure  to  prevent  hemorrhage. 
Chantemesse's  results  have  been  confirmed  to  a  certain  extent  by 
the  Germans,  and  von  Leyden  reports  (Med.  Klinik,  August  4,  1907) 
3  cases  treated  with  an  antitoxic  serum  prepared  by  Meyer  and 
Bergell  (Bed.  klin.  Woch.,  May  6,  1907).  These  cases  were  all 
remarkably  short,  having  a  normal  temperature  on  the  sixteenth, 
seventeenth,  and  nineteenth  days.  The  serum  is  said  to  be  of  only 
moderate  strength,  and  to  be  both  bacteriolytic  and  antitoxic.  In 
this  connection  it  is  important  to  bear  in  mind,  as  suggested  by  von 
Stenitzer,  that  an  antitoxin,  though  weak,  as  in  dysentery,  may  be 
of  great  service  in  tiding  over  critical  cases. 

Personally,  I  have  treated  132  typhoids  with  specific  typhoid 
products  (Boston  Medical  and  Surgical  Journal,  October  3,  1907), 
serum,  bouillon  filtrates,  and  the  non-toxic  residue  of  the  typhoid 
bacillus  as  prepared  by  Professor  Vaughan,  of  Ann  Arbor.  The 
results  were  largely  negative,  with  one  exception.  By  continued 
inoculation  during  convalescence  of  the  non-toxic  residue,  the 
occurrence  of  relapses  was  cut  down  apparently  from  22  to  5  per 
cent. 
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Very  recently  I  have  treated  2  cases  with  autogenous  vaccines. 
One  case  was  quite  severe,  with  marked  mental  and  renal  involve- 
ment. He  received  about  40,000,000  dead  bacilli  daily  under  the 
skin  for  two  and  a  half  weeks.  There  was  steady  though  slow 
improvement.  The  second  case  was  the  earliest  and  mildest  I  have 
ever  seen.  Daily  inoculations  with  25,000,000  to  50,000,000  autoge- 
nous vaccine  was  followed  by  rapid  fall  in  temperature,  which 
reached  normal  on  the  sixteenth  day.  This  case  emphasizes  the 
fact  that,  in  typhoid,  as  in  other  infectious  processes,  specific  treat- 
ment to  be  effective  must  begin  early.  Hospital  cases,  in  my  expe- 
rience, do  not  come  in,  on  the  average,  till  the  end  of  the  second  week. 
Lack  of  positive  diagnosis  also  entails  oftentimes  further  delay. 

In  the  future,  however,  with  the  more  general  use  of  blood  cultures, 
early  diagnosis  and  earlier  specific  treatment  will  be  possible,  and  the 
results,  I  am  sure,  better. 

Theoretical  considerations  and  personal  experience  leads  me  to 
believe  that,  in  any  treatment  of  typhoid  with  bacterial  products 
(and  this  idea  might  apply  to  other  infectious  processes  as  well),  we 
might  get  more  favorable  results  if  we  combined  dead  bacilli  with 
the  filtrates  of  living  cultures,  for  such  a  combination  would  approxi- 
mate more  nearly  to  inoculation  with  the  living  organism. 

I  have  found  typhoid  patients  infinitely  more  sensitive  to  living 
filtrates  than  to  any  of  the  devitalized  bacillary  substances,  and  I 
feel  certain  that  the  degree  of  heat  necessary  to  kill  the  bacilli  destroys 
other  products  of  growth  which  may  be  very  essential  to  the  pro- 
duction of  rapid  immunity. 

This  point  is,  of  course,  not  new.  It  has  already  received  attention 
in  tuberculosis  in  the  recommended  use  of  tuberculin  B.  F.,  either 
alone  or  combined  with  tuberculin  B.  E. 

As  to  the  value  of  the  opsonic  index  as  a  guide  for  the  adminis- 
tration of  vaccines,  the  opinion  has  steadily  gained  ground  that  the 
index  is  so  unreliable  as  not  to  justify  the  amount  of  time  and 
trouble  necessary  for  its  determination. 


DRUG  THERAPEUTICS. 
By  torald  h.  sollmanx,  :m.d. 

CLEVELA?rD. 


Since  my  acquaintance  with  therapeutics  is  of  the  theoretical 
rather  than  of  the  practical  order,  I  have  deemed  it  best  to  frankly 
accept  this  fact  and  to  treat  the  topic  assigned  to  me  from  a  purely 
theoretical  point  of  view.  As  an  interested  spectator,  from  the 
laboratory  and  the  library,  I  have  watched  the  current  of  the  present 
tendencies  of  therapeutics,  and  certain  thoughts  and  speculations 
have  obtruded  themselves  upon  me.  To  an  observer  so  situated 
many  things  may  appear  quite  different  from  what  they  appear  to  the 
active  swimmers  in  the  current.  The  opinions  of  those  who  have 
the  opportunity  of  the  most  intimate  observation  should  naturally 
be  the  more  valuable;  but  there  may  be  some  value  also  in  the 
perspective  gained  from  a  more  distant  observation — perhaps  the 
truth  can  only  be  established  by  comparing  both  points  of  view.  At 
any  rate,  whether  or  not  these  theories  of  mine  are  of  any  value  as 
representations  of  truths  can  perhaps  be  decided  fully  only  by  the 
future.  ^Miether  or  not  they  are  of  any  value  for  the  immediate 
purpose  of  stimulating  thought  and  investigation — this  is  a  matter 
for  your  consideration. 

The  one  fact  which  has  forcefl  itself  most  conspicuously  and  most 
persistently  on  my  attention  is  the  tendency  of  some  of  the  best  men 
in  the  profession  to  look  down  upon  therapeutics,  and  especially 
drug  therapeutics,  as  a  subject  unworthy  of  scientific  attention. 
There  appears  to  exist  a  rather  general  and  widespread  pessimism, 
not  only  as  to  the  present,  but  also  as  to  the  future  of  this  division  of 
medicine.  We  may  acknowledge  at  once  that  the  present  status  of 
drug  therapy  offers  an  explanation,  if  not  an  excuse,  of  this  attitude. 
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The  scientific  investigator,  especially  in  this  country,  is  attracted  by 
the  objective  rather  than  by  the  speculative;  this  is  true  particularly 
in  an  applied  science  like  medicine.  It  must  be  conceded  that  drug 
therapy,  at  present,  does  not  share  the  rigid  mathematical  logic  of 
physical  diagnosis;  nor  the  definite,  if  empirical,  results  of  operative 
surgery.  It  may  be  recalled,  however,  that  the  status  of  these  depart- 
ments less  than  a  century  ago  was  no  more  satisfactory  than  that  of 
therapeutics  is  today. 

Conceding,  then,  that  pharmacotherapy  is  not  now  in  a  soul- 
satisfying  condition,  there  arises  the  vital  question:  Is  it  bound  to 
remain  unsatisfactory?  Has  it  reached  its  inherent  limitations? 
Has  it  been  brought  to  the  greatest  efficiency  of  which  it  is  capable, 
trisd  and  found  wanting?  If  so,  then  it  is,  indeed,  unworthy  of  a 
better  place  than  that  now  assigned  to  it.  Such  a  superior  attitude, 
however,  can  only  be  justified  if  the  assumption  of  the  limitations 
has  been  proved  beyond  legitimate  doubt;  for  pessimism,  or  even 
indifference  toward  a  department,  are  the  most  serious  obstacles  to 
progress.  If,  on  the  other  hand,  it  should  happen  that  these  assump- 
tions are  not  justified,  that  the  present  limitations  of  the  subject  are 
not  intrinsic,  but  extraneous,  then  the  very  backwardness  of  our 
subject  should  be  the  most  powerful  incentive  to  a  revival  of  its 
study  along  new  and  improved  lines.  To  help  us  to  decide  this 
question,  the  following  a  priori  considerations  seem  to  me  pertinent: 

Everyone  acknowledges  that  drugs  have  definite  and  marked 
actions  on  the  functions  of  the  body;  producing  phenomena  which 
are  as  definite,  and  as  approachable  to  investigation,  as  any  other 
phenomena  with  which  medical  science  is  concerned.  Granting  that 
drugs  modify  normal  functions  in  a  definite  manner,  it  follows  that 
they  must  also  produce  definite  modifications  in  pathological  func- 
tions. These  modifications  must  be  either  useful  or  harmful— or 
very  rarely  indift'erent. 

To  assume  that  they  are  always  harmful,  we  would  need  to  grant 
that  the  undisturbed  processes  of  repair  are  always  ideal.  This 
would  be  equivalent  to  saying  that  every  disease  would  cure  itself, 
and  in  the  shortest  possible  time,  if  it  were  left  strictly  to  itself  (except 
where  irreparable  anatomical  changes  had  occurred).  This  universal 
and  speedy  self-cure  does  not  correspond  to  the  facts.    The  natural 
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processes  oi  repair  are,  therefore,  not  ideal;  they  could  be  improved 
upon  by  suitable  modifications,  quantitative  or  qualitative,  as  the 
case  may  be.  By  exhibiting  drugs,  we  have,  as  we  have  seen,  the 
means  of  modifying  these  processes.  It  is  absolutely  inconceivable 
that  every  modification  introduced  by  drugs  shoukl  be  necessarilv 
unsuitable — their  actions  are  too  manifold  to  make  such  an  assump- 
tion tenable.  Even  were  they  employed  altogether  at  hazard,  thev 
would  needs  hit  the  mark  sometimes.  Naturally,  however,  thev 
would  miss  more  often  than  they  would  hit;  and  a  miss  would  not 
be  an  indifferent  matter.  It  cannot  be  emphasized  too  strongly  that 
drugs,  in  doses  sufficient  to  have  any  decided  action,  cannot  be 
merely  useless — they  are  either  useful  or  harmful;  directlv  or 
through  the  interrelation  of  the  body  functions. 

This,  I  imagine,  is  the  real  substance  of  therapeutic  skepticism 
and  nihilism — not  that  drugs  are  useless,  but  that,  as  they  are  now 
used,  they  do  harm  more  often  than  good.  This,  however,  is  tanta- 
mount to  an  arraignment,  not  of  drug  therapeutics,  but  of  our  igno- 
rance of  drug  therapeutics.  In  rejecting  drug  therapeutics,  through 
fear  of  doing  harm,  we  acknowledge  our  ignorance  of  the  proper  use 
of  a  powerful  instrument  for  good.  If  our  ignorance  is  reallv  so 
dense  as  this  pessimistic  attitude  would  indicate,  then  the  neglect 
of  drug  therapeutics  is  evidently  not  due  to  our  superior  knowledge 
of  its  limitations,  and  a  supercilious  attitude  toward  the  subject 
would  seem  verv  unbecoming. 

This  brings  us  to  the  next  f[uestion:.  Granting  that  there  are 
unknown  possibilities  in  drug  therapeutics,  is  our  ignorance  due  to 
the  inherent  impossibihty  of  scientific  investigation?  Or  is  it  also 
merely  extraneous?  In  other  words,  let  us  incjuire  whether  we  have 
really  tried  to  acquire  a  scientific  understanding  of  therapeutics, 
through  the  use  of  proper  scientific  methods  of  experimentation  and 
observation,  such  as  were  used  in  the  development  of  every  other 
department  of  medicine.  The  history  of  the  latter  furnishes  number- 
less illustrations  of  the  fact  that  the  data  gathered  by  clinical  obser- 
vation of  the  living  patient  do  not  lead  to  definite  scientific  conclu- 
sions, unless  they  can  be  compared  with,  and  controlled  by,  facts 
obtained  by  some  more  objective  method.  There  could  be  no  science 
of  anatomy  without  dissections;  no  science  of  physical  diagnosis 
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without  autopsies;  no  science  of  physiolofyy  without  experimentation 
on  living  animals.  Above  all,  a  science  of  therapeutics  is  inconceiv- 
able without  resort  to  animal  experimentation.  The  fundamental 
problems  of  drug  reaction  could  not  be  studied  exclusively  on  .the 
human  body,  any  more  than  could  the  fundamental  problems  of 
physiology.  Until  this  experimental  study  had  been  instituted,  the 
scientific  value  of  therapeutic  observation  was  little,  if  any,  greater 
than  the  value  of  clinical  diagnosis  before  the  days  of  autopsies. 
A  great  mass  of  data  and  pseudodata  could  be  gathered,  and  were 
gathered,  but  there  was  no  possibility  of  distinguishing  between  the 
true  and  the  false.  The  first  essential  step  toward  a  science  of 
therapeutics  is,  therefore,  the  establishment  of  scientific  pharmaco- 
dynamics. 

This  step  has  now  been  taken ;  the  laboratories  are  daily  adding 
definite  data  to  our  knowledge  of  drugs  of  their  actions,  and  of  the 
conditions  for  their  actions.  Even  now  we  possess  a  considerable 
collection  of  facts  of  this  order — not  as  many  as  we  might  desire, 
but  enough  to  establish  whether  we  are  on  the  right  path  to  knowl- 
edge. It  seems  to  me  that  we  are.  There  could,  however,  be  no 
greater  mistake  than  to  suppose  that  experimental  pharmacody- 
namics is  scientific  therapy.  It  is  nothing  of  the  sort — it  is  merely 
a  step  toward  scientific  drug  therapy.  Animal  experimentation  has 
its  limitations.  The  conditions  of  the  laboratory  are  not  necessarily 
the  same  as  those  of  the  clinic.  Laboratory  observations  have  a  value 
of  their  own;  but  to  give  them  a  practical  value  in  the  clinic,  they 
must  be  correlated  with  clinical  observations.  A  fact  is  a  fact, 
whether  it  is  observed  in  the  clinic  or  in  the  laboratory.  It  is,  how- 
ever, impossible  to  compare  dissimilar  things.  It  is  a  waste  of  good 
time  to  compare  a  fact  elicited  with  care  and  pains  in  the  laboratory 
with  slovenly  observations  in  the  clinic.  Again  and  again  I  have 
tried  to  explain  apparent  differences  in  the  results  from  the  labora- 
tory and  from  the  bedside,  by  going  back  to  the  clinical  reports  as 
found  in  the  journals,  and  was  forced  to  give  up  the  attempt  because 
the  clinical  therapeutic  experiments  had  been  made  so  loosely  that 
it  was  impossible  to  assign  to  them  any  scientific  value  whatsoever. 
This  carelessness  and  want  of  critical  faculty  in  reporting  thera- 
peutic observations  was  often  rendered  more  conspicuous  by  con- 
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trast  with  the  careful  reports  of  the  pathological  features.  Now,  it 
appears  to  me  as  absolutely  certain  that  drug  therapeutics  will  not 
make  any  advance,  and  will  remain  unsatisfactory,  until  we  bestow 
upon  it  at  least  the  same  care  that  we  do  upon  the  diagnosis;  until 
we  take  the  same  pains  to  acquaint  ourselves  with  the  data  of  phar- 
macology that  we  take  with  those  of  pathology.  Until  such  well- 
planned  and  well-executed  observations  and  experiments  have  been 
made,  a  skeptical  attitude  toward  drug  therapeutics  seems  to  me 
quite  unjustified.  It  is  perfectly  true  that  reliable  therapeutic  obser- 
vations and  deductions  are  vastly  more  difficult,  require  much  more 
care  and  critical  judgment,  than  many  other  forms  of  clinical  obser- 
vations. But  it  has  never  yet  been  conceded  that  mere  technical 
difficulties  of  execution  should  be  a  permanent  bar  to  scientific 
progress;  on  the  contrary,  they  generally  serve  as  incentives. 

After  much  serious  thought,  I,  for  one,  have  come  to  the  conclusion 
that  the  time  is  ripe  for  a  revival  of  drug  therapeutics.  By  this  I  do 
not  mean  primarily  a  more  extensive  use  of  drugs,  but  rather  a  more 
scientific  use  and  study  of  the  effects  of  drugs,  in  the  treatment  of 
disease. 


PSYCHOTHERAPEUTICS. 


By  LEWELLYS  R  BARKER,  M.D., 

BALTIMORE. 


Some  physicians,  like  men  who  are  told  that  they  have  used  prose 
all  their  lives  without  knowing  it,  are  astonished  at  the  statement 
that  no  small  part  of  their  function  as  practitioners  consists  in 
the  use  of  psychotherapeutic  influences.  Ever  since  the  primitive 
mother  began  to  kiss  the  sore  finger  of  her  crying  child  to  make  it 
well  the  human  race  has,  partly  instinctively,  partly  consciously, 
resorted  to  mind-cure  in  one  or  another  of  its  diverse  forms  to  assuage 
its  sorrow,  to  relieve  its  anxiety,  or  to  mitigate  its  pain.  For  these 
alleviations,  sometimes  priests,  sometimes  physicians,  sometimes 
laymen  have  been  agential. 

There  has  been  much  disagreement  as  to  the  definition  of  the 
word  "psychotherapy."  Some  have  supposed  that  it  is  synonymous 
with  treatment  by  hypnotism  or  suggestion;  others  have  assumed 
that  it  is  limited  in  its  applicability  to  psychic  diseases,  and  still 
others  have  fallen  into  the  error  of  regarding  its  effects  as  wholly 
psychic  (in  the  abstract  or  metaphysical  sense),  not  realizing  that,  in 
medicine,  guided  by  the  conception  of  psychophysiological  identity, 
such  purely  psychic  influences  are  not  conceivable.  As  medical 
men,  we  may  be  permitted,  at  any  rate  for  purposes  of  description, 
to  distinguish  as  psychical  the  subjective  side  of  brain  activity,  and 
as  physical  the  objective  side  of  it,  even  if  we  admit  that  our  total 
knowledge  of  the  latter  results  from  phenomena  or  psychic  events, 
the  external  cause  of  which  is  obscure.  Asking  permission,  then,  of 
the  metaphysically  inclined  to  speak  in  these  terms  as  thus  medically 
defined,  it  may  be  said  that  we  know  of  no  way  of  affecting  a  human 
being  psychically  except  tlirough  stimuli  which  excite  his  afferent 
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nerves,  or  through  stimuU  appUed  directly  to  his  brain.  The 
nerves  carry  the  excitation  to  the  central  nervous  system  and  travers- 
ing chains  of  neurones  impinge  finally  upon  the  neurones  of  the 
cerebral  cortex.  Certain  of  the  excitations  here  set  up  correspond 
to  certain  sensations,  feelings,  and  ideas.  Pure  sensations  and  pure 
ideas,  independent  of  physical  conditions  in  the  cerebrum,  physiolo- 
gists assume  do  not  exist.  If  this  assumption  be  accepted,  then  it 
is  obvious  that  any  influence  which  exerts  a  psychic  effect  also  pro- 
duces a  physical  change  in  the  body,  and  we  can  well  understand 
how  physical  and  chemical  influences  which  lead  to  alterations  in 
the  structure  and  function  of  the  neurones  of  the  pallium  may  have 
a  profound  eft'ect  upon  the  psyche.  In  other  words,  every  psycho- 
therapy is  also  a  physical  therapy,  and  to  avoid  confusion  with  spiritu- 
alism or  other  mystical  conceptions  it  might  be  better  to  speak  of 
psychophysical  influences  and  psychophysical  therapy  than  to  use 
the  terms  in  vogue.  Medical  psychotherapy  knows  nothing  as 
yet  of  telepathy  or  thought  transfer  through  other  than  recognized 
physical  channels.  In  the  present  state  of  our  knowledge,  at  any 
rate,  Eine  Psychotherapie  ohne  das  Mittelglied  der  Empfindujig 
ist  Humbug. 

Psychotherapy  has  through  the  ages  been  instinctively  practised, 
but  only  comparatively  recently  has  it  begun  to  be  consciously  and 
systematically  used.  Suggestion  is,  and  always  has  been,  ojie  of 
the  most  powerful  of  remedial  agents. 

At  all  times  a  large  part — not  all  by  any  means — of  the  treatment 
of  disease  by  drugs  has  in  reality  consisted  of  psychotherapy.  Certain 
examples  of  this  stand  out  conspicuously  in  the  history  of  medicine. 
The  use  of  theriac  had  great  vogue  for  centuries  after  its  introduction 
by  Andromachus  of  Crete.  Orvietan  was  long  believed  to  be  a 
sovereign  remedy  against  poison,  the  opinion  being  almost  univer- 
sally received  by  the  learned  as  well  as  the  vulgar.  Red  coral  was 
strongly  recommended  by  Rhazes  in  certain  cases,  and  antimony  was 
at  one  time  (after  Louis  XIV's  cure  in  1G58)  the  most  frequently 
prescribed  of  drugs.  When  one  thinks  of  the  enormous  number  of 
substances  and  preparations  which  have  come  and  gone,  each  highly 
vaunted  in  its  time  for  its  marvellous  effects,  one  begins  to  realize 
the  larvate  psychotherapy  in  treatment  by  drugs.     This  pharmacal 
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psychotherapy  has  for  the  most  part  been  instinctive,  the  physician 
believing  the  virtues  peculiar  to  the  drug,  and  the  patient  believing 
in  the  physician.  Sometimes  psychotherapy  by  drugs  has  been 
consciously  employed,  as  in  the  use  of  the  placebo  and  in  the  pill  of 
methylene  blue.  One  thing  that  makes  judgment  so  difficult 
regarding  pharmacotherapy  in  any  given  case  is  the  lack  of  means 
of  determining  satisfactorily  the  part  which  psychic  influences  have 
played  in  the  result  obtained.  We  must  be  grateful  to  experimental 
pharmacology  for  the  help  it  promises  to  bring.  It  has  been  well 
said  that  "it  is  we  ourselves  who  give  to  many  medicaments  their 
efficacy,  and  their  good  effects  persist  as  long  as  does  the  faith  of 
physicians  and  patients  in  their  virtue." 

The  cures  which  from  time  immemorial  have  been  attributed  to 
magic  or  to  supernatural  means  are  naturally  regarded  by  medical 
men  as  instances  of  success  through  psychotherapy  also.  It  was  the 
belief  of  the  patient  which  did  the  work ;  shrewd  Paracelsus,  physician 
and  alchemist,  writing  of  faith  cure  four  hundred  years  ago,  said: 
"No  matter  whether  the  object  of  your  faith  is  real  or  false,  the 
results  you  get  will  be  equally  gootl."  Read  the  accounts  of  the  way 
the  wonderful  results  were  obtained  by  treatment  in  the  temples  of 
I  sis  in  Egypt  and  those  of  /Esculapius  in  Greece,  and  you  will  find 
recorded  an  elaborate  organization  of  suggestive  measures  which 
rivals  that  of  the  best-equipped  modern  sanatorium.  Indeed,  in 
the  pilgrimage  to  the  temples,  the  preparatory  practices,  the  temple 
walks,  the  sacrifices  with  musical  accompaniment,  the  prayers,  the 
therapeutic  conversations  with  the  priests,  and,  above  all,  the  oracular 
dreams,  we  recognize  a  series  of  experiences  so  pregnant  with  psycho- 
therapeutic possibilities  that  we  wonder  whether  some  healers  of 
today  are  not  too  simple  or  too  lackadaisical  to  make  their  work 
effective. 

The  doctrine  of  magnetism  dates  from  Paracelsus'  time;  out  of 
it  grew  mesmerism  at  the  end  of  the  eighteenth  century,  and  it  was 
one  of  ]\Iesmer's  pupils  who,  following  the  example  of  his  master 
and  trying  to  cure  by  the  "universal  fluid,"  accidentally  threw  a 
patient  into  hypnotic  sleep.  The  history  of  hypnotism  has  been  so 
often  and  so  well  written  that  I  need  not  deal  with  it  here.  The 
scientific  studies  of  Braid,  Liebeault,  Bernheim,  Charcot,  and  Janet 
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(to  mention  chiefly  foreign  names)  have  thrown  a  great  deal  of 
light  upon  hypnotic  phenomena,  and  even  those  who  are  opposed  to 
the  use  of  hypnotism  as  a  therapeutic  agent  can  scarcely  fail  to  be 
grateful  for  the  new  knowledge  gained  concerning  the  human  mind 
through  investigations  mto  its  nature.  The  study  of  hypnotism,  too, 
has  led  to  a  great  increase  in  interest  in  the  effects  of  suggestion  made 
in  the  waking  state,  both  heterosuggestion  and  autosuggestion. 

]\lore  important  perhaps  has  been  the  revival  and  development 
of  psychotherapy  by  persuasion  rather  than  by  suggestion;  in  this 
form  of  mental  treatment  the  higher  mental  powers  of  the  patient  are 
directly  appealed  to,  the  cure  Ijeing  brought  about  largely  through 
the  reeducation  of  the  patient  by  rational  therapeutic  conversations 
instead  of  through  the  exercise  of  authoritv  or  through  mere  un- 
motivating  suggestion.  Dubois,  of  Berne,  Dejerme  and  his  pupils 
in  Paris,  Oppenheim  in  Berlin,  and  various  clmicians  m  this  country 
have  been  especially  interested  in  this  form  of  psychotherapy. 

Isolation  as  a  psychotherapeutic  measure  should  not  go  unmen- 
tioned.  It  is  the  great  merit  of  Dr.  Weir  ^Mitchell  that  he  saw  the 
protective  benefits  of  isolation  and  realized  its  aid  in  instituting 
any  regular  physical  and  psychical  regime  in  the  treatment  of  the 
severer  forms  of  the  psychoneuroses;  he  made  it  an  important  ele- 
ment in  his  so-called  "Rest-cure,"  and  others  who  employ  it  in 
selected  cases  are  loud  in  its  praise. 

A  striking  fact  about  several  forms  of  psychotherapy  is  their 
origin,  at  least  in  germ,  outside  of  the  ranks  of  the  medical  professioti. 
Isolation,  for  example,  arose  in  antiquity  as  a  self-inflicted  discipline 
in  the  practices  of  the  anchorites,  hermits,  and  monks,  who  with- 
drew themselves  from  society  into  deserts  or  solitary  places,  some- 
times as  a  penance,  but  more  often  to  avoid  the  temptations  of  the 
world,  to  devote  themselves  to  contemplation  and  religious  exercises, 
and  to  attain  to  a  peace  and  calm  otherwise  denied  them.  To 
many  men  and  women  there  come  times  in  life  when  separation 
from  the  world  for  a  period  seems  to  be  a  necessity;  they  feel  that  they 
must  get  away  from  people,  from  the  duties  of  society,  from  an  un- 
satisfactory environment.  The  "retreat"  of  the  Catholic  church 
meets  this  need  for  some.  The  summer  vacation  in  the  wilderness 
satisfies  it  for  others.      Psychotherapy  by  suggestion  was   largely 
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extramedical  in  source.  It  began  in  the  form  of  secret  remedies 
of  quacks,  in  the  performance  of  miracles,  in  the  use  of  charms, 
philters,  tahsmans,  amulets,  phylacteries,  and  mezuzahs,  and  in  the 
application  of  magnets  and  metals.  The  laity  have  been  fertile 
in  the  devising  of  impressive  suggestive  measures  from  the  earliest 
times  down  to  the  era  of  Perkins  tractors,  proprietary  medicines, 
and  electric  belts. 

Even  persuasion,  the  last  psychotherapeutic  method  to  be  thor- 
oughly employed  consciously  by  physicians,  dates  back  to  the  Stoic 
philosophers  with  Seneca  as  a  type,  and  to  the  confessors  and 
moral  directors  of  the  church;  these  men  worked  out  excellent 
methods  for  helping  the  aboulic  and  the  victims  of  morbid  scruples 
to  overcome  their  inertias,  their  doubts,  and  their  fears. 

In  the  United  States  the  development  of  psychotherapy  outside 
the  medical  profession  has  been  perhaps  as  notable  as  inside  it. 
Nowhere,  unless  in  Germany,  have  patent  and  proprietary  medicines 
been  more  in  vogue.  In  the  widespread  mind-cure  movement  here 
we  see  a  development  of  great  importance,  designated  by  one  of 
our  leading  psychologists  as  the  only  decidedly  original  contribu- 
tion of  the  American  people  to  the  systematic  philosophy  of  hfe. 
The  "New  Thought"  advocates  and  the  "Christian  Science"  healers 
combine  suggestion  in  the  waking  state  with  more  or  less  persuasion ; 
in  the  "Emmanuel  Church  movement"  (which  through  medical 
aid  separates  so-called  "organic"  from  so-called  "functional"  cases) 
the  clergymen  who  treat  the  functional  disorders  use  suggestion  in 
the  waking  state,  persuasion,  and  also,  to  some  extent  certainly, 
suggestion  in  hypnosis. 

Despite  the  fact  that  psychotherapy  has  been  so  prominently 
extramural  in  source  and  prevalence,  it  is  to  be  said  for  medical  men 
that  when  convinced  of  its  efficacy  and  legitimacy  they  have  been 
willing  to  adopt  it.  Further,  for  the  foundation  of  the  theory  of 
the  subject  and  for  nearly  all  actual  scientific  knowledge  regarding 
it  the  world  has  to  thank  the  investigations  of  members  of  our  pro- 
fession. Any  neglect,  recalcitrance,  or  protestation  on  the  part  of 
physicians  in  the  matter  have  been  due,  in  my  opinion,  partly  to  a 
desire  to  avoid  even  the  appearance  of  evil  and  humbug,  partly 
to  the  exercise  of  so  much  zeal  in  those  physical,  chemical,  and 
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biological  studies  which  are  flooding  our  science  with  new  light  that 
less  time  and  attention  have  been  devoted  to  psychological  and 
psychiatric  studies  than  they  deserve. 

\Miile  the  main  field  of  application  of  psychotherapy  is  in  the 
treatment  of  the  psychoneuroses,  it  has  also  functions  in  combating 
the  psychoses  on  the  one  hand  and  the  whole  group  of  somatic  dis- 
eases on  the  other.  All  sjnnptoms  which  can  be  influenced  by  the 
nervous  system  are  more  or  less  accessible  to  psychotherapy.  INIore- 
over,  in  the  carrying  out  of  any  physical  methods  of  treatment  the 
patient  must  be  led  to  have  belief  in  their  efficacy,  and  he  must  be 
brought  to  a  willingness  to  do  what  is  recommended.  The  establish- 
ment of  medical  obedience,  as  well  as  the  awakening  of  confidence, 
which  precedes  it,  are  essentially  psychotherapeutic  procedures. 

Attempts  have  been  made  to  classify  psychotherapeutic  methods 
into  (1)  those  which  act  chiefly  by  virtue  of  the  particular  feeling 
tones  (in  the  pleasure-pain  series)  which  accompany  the  sensations 
called  forth  by  the  method  used,  and  (2)  those  which  act  through 
the  intellectual  processes  excited  by  the  measures  employed.  The 
former  are  naturally  more  successful  in  affective  disturbances, 
the  latter  in  intellectual.  But  the  mind  is  after  all  a  unity,  and  we 
nearly  always  have  to  deal  with  both  classes  of  disturbances  in  the 
same  individual,  and  therefore  require  to  use  both  sets  of  methods. 

In  treating  abnormal  affective  states  we  may  try  to  get  rid  of  the 
painful  sensations  and  ideas  (negative  feeling  tone)  by  the  substitu- 
tion of  pleasurable  sensations  and  ideas  (positive  feeling  tone). 
Amusement,  diversion,  exercises  are  resorted  to  for  this  purpose. 
We  encourage  the  patient  to  go  to  the  play  or  the  opera,  to  play 
golf  or  bridge  or  "AVhat-am-I,"  to  enter  more  fully  mto  social  life, 
or  we  recommend  a  trip  to  Atlantic  City  or  to  Hot  Springs  or  to 
Europe.  We  help  the  handicapped  to  find  suitable  remunerative 
occupation,  and  we  try  to  transplant  the  misunderstood  into  a  more 
sympathetic  environment.  The  methods  of  treatment  in  which 
rewards  and  penalties  are  used  also  come  in  here;  they  may  be  em- 
ployed with  patients  of  all  ages,  but  require  infinite  tact  on  the  part 
of  the  physician;  individualization  must  always  be  kept  carefully 
in  mind. 

In  treating  patients  through  the  intellect  we  use  either  suggestion 
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or  persuasion.  Very  different  definitions  are  given  to  these  two 
terms  by  different  writers.  Tn  sugfifestion  we  make  no  effort  to  use 
ideas  which  will  explain  to  the  patient  why  his  interpretation  of  his 
symptoms  are  wrong,  but  we  tell  him  they  are  wrong  and  rely  upon 
the  authority  we  have  over  him  to  make  the  suggestive  idea  effective. 
Or  in  some  other  way  we  make  the  mind  of  the  patient  (without 
his  control)  accept  some  good  idea.  When  using  persuasion  we 
lead  the  patient  by  means  of  his  reason  (with  his  control)  to  accept 
an  idea  and  so  to  arrive  at  a  new  opinion.  We  speak  of  heterosug- 
gestion  or  heteropersuasion  in  these  cases,  but  we  should  similarly 
discriminate  between  autosuggestion  and  autopersuasion.  In 
autosuggestion  one  fixes  in  his  own  mind  an  idea  the  truth  or  falsity 
of  which  he  has  not  carefully  examined  and  criticised;  when,  on 
the  other  hand,  the  idea  is  not  accepted  until  carefully  verified,  the 
instance  is  one  of  autopersuasion  or  self-instruction. 

Heterosuggestion  may  be  given  in  the  waking  state  or  in  hypnosis. 
In  order  that  suggestion  may  be  successful,  faith  in  authority  must 
in  some  way  be  aroused.  Quacks  excite  this  authority  idea  by 
non-ethical,  illegitimate  methods.  INIarvellous  therapeutic  results 
are  advertised  and  testimonials  of  the  cured  are  distributed.  Priests 
help  to  arouse  it  by  moral  and  religious  appeal,  sometimes  ascribing 
the  cure  to  supernatural  agencies.  The  pilgrimages,  prayers,  relics, 
and  heaps  of  crutches  help  to  enliven  faith.  "New  thoughters" 
advertise  the  successes  resulting  from  the  acceptance  of  what  they 
regard  as  an  important  philosophic  system,  involving  among  other 
things  a  belief  in  the  saving  grace  of  optimistic  moods  and  healthy- 
minded  attitudes.  Christian  Science  does  it  by  combining  its  ideas 
of  religion  and  philosophy  into  a  system,  denying  the  existence  of 
disease,  and  advertising  widely  the  cures  of  those  whose  symptoms 
have  disappeared  as  soon  as  they  have  fully  accepted  the  doctrine. 

Physicians  awaken  confidence  and  inspire  the  idea  of  authority 
by  their  scientific  training  and  by  their  mode  of  inquiry  and  of  ex- 
amining the  patient.  The  young  man  without  reputation  can  arouse 
faith  if  he  have  a  suitable  personality  and  be  well  trained  in  the 
methods  of  taking  the  anamnesis  and  of  making  the  physical  ex- 
amination. Blood  counts,  bacteriological  cultures,  determination  of 
opsonic  indices,   tuberculin   tests,  sphygmographic  tracings,  a:-ray 
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photographs,  and  the  whole  paraphernaKa  of  modern  chnical  diag- 
nosis not  only  give  real  information  to  the  physician,  but  they  also 
excite  belief.  After  the  thorough  examination,  a  definite  diagnosis, 
briefly  stated  to  the  patient,  prepares  him  to  hear  what  the  treat- 
ment is  to  be,  and  leads  him  to  submit  to  it  hopefully. 

Suggestion  in  the  waking  state  may  be  larvate  or  direct.  In  treat- 
ing functional  nervous  disorders  many  physicians  resort  to  larvate 
suggestion.  They  recommend  massage  or  a  diet,  electricity  or  a 
drug,  or  a  combination  of  several  measures,  and  tell  the  patient 
that  he  will  get  well.  They  see  the 'patient  again  from  time  to  time, 
and  assure  him  that  he  is  incontestably  better,  and  try  gradually 
to  establish  in  him  the  conviction  that  he  is  being  cured,  and,  finally, 
that  he  is  cured.  The  conscientious  physician  (when  using  larvate 
suggestion)  does  not,  as  a  rule,  prescribe  measures  which  cannot  of 
themselves  do  any  good  whatever,  but  always  tries  to  use  means 
which  will,  through  their  physical  effect  on  the  body,  aid  at  least  to 
some  slight  extent  the  psychotherapy  in  restoring  health.  The 
more  faith  he  has  himself  in  the  bearer  of  the  larvate  suggestion,  the 
more,  other  things  being  equal,  he  is  likely  to  excite  in  his  patient. 

The  advantage  of  hypnotic  suggestion  lies  in  the  greater  suscepti- 
bility of  the  patient  to  heterosuggestion  in  this  sleeping  state.  Every 
hypnotiseur  develops  his  owti  technique  of  producing  hyponosis, 
although  all  the  methods  have  in  common  the  suggestion  of  sleep. 
The  patieiit's  belief  is  aroused  before  hypnosis  is  undertaken,  and  the 
sleep  is  suggested  usually  by  the  aid  of  certain  physical  methods  (fixa- 
tion of  sight  on  a  bright  object,  strokes  or  passes,  pressure  on  the  eyes, 
etc.).  No  rigid  routine  is  satisfactory;  any  method  must  be  adapted 
to  the  individual  case,  and  the  most  skilful  hypnotizers  are  very 
resourceful  in  little  tricks  which  aid  in  strengthening  the  suggestion 
and  inducing  the  sleep.  Therapeutic  suggestions,  repeated  several 
times,  are  usually  given  in  the  more  superficial  stages  of  hypnosis 
(somnolence  and  hypotaxia),  rather  than  in  the  more  dangerous 
deeper  stages  (somnambulistic  sleep  with  hallucinations  and  am- 
nesia). The  dangers  of  hypnosis  have  been  exaggerated  by  some  and 
underestimated  by  others.  We  know  now  pretty  well  what  they 
are,  and  methods  for  avoiding;  them  have  been  and  are  being  worked 
out.     In  this  connection  the  process  of  de-suggestion,  as  advocated  by 
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Bernheim,  seems  to  be  very  important.  Certainly  no  one  except 
a  medical  man  or  a  trained  psychologist  should  use  hypnosis; 
needless  to  say,  a  third  person  should  always  be  present. 

In  psychotherapy  by  persuasion  the  physician  has  opportunity 
for  the  exercise  of  the  highest  powers  of  his  own  mind,  and  he  makes 
his  appeal  to  the  best  qualities  of  the  minds  of  his  patients.  The 
principles  are  those  of  education  in  general;  indeed,  psychotherapy 
by  persuasion  might  well  be  designated  medical  pedagogy.  It  in- 
yolyes  training  of  the  voluntary  attention,  schooling  of  the  emotions, 
and  rational  education  of  the  will.  It  is  the  most  rewarding  of  the 
psychotherapeutic  methods,  and  seems  destined  to  occupy  a  large 
part  of  the  energy  of  medical  practitioners.  By  its  aid  the  doctor 
is  able  to  rid  a  patient's  mind  of  harmful  ideas  and  associations, 
refuting  them,  or,  by  ignoring  them,  leading  the  patient  to  forget 
them.  With  its  help,  too,  he  creates  new  ideas  and  associations  in 
the  mind,  supplementing,  perhaps,  a  limited  or  faulty  early  education 
and  environment;  through  occupation  therapy  of  various  sorts  he 
may  teach  the  patient  to  find  health  and  satisfaction  in  work.  And 
here  the  medical  psychotherapeutist  joins  hands  with  the  great  army 
of  educators — the  teachers,  the  clergymen,  and  the  social  service 
workers  of  his  tiine. 

The  diseases  chiefly  amenable  to  psychotherapy,  namely,  the  psy- 
choneuroses,  are  most  troublesome  to  treat  when  their  management 
is  not  understood,  but  many  a  mind  with  its  door  apparently  per- 
manently closed  to  healthful  influences  will  speedily  open  to  him  who 
knows  how  to  find  the  key  to  its  lock.  No  physician  has  the  key 
to  all  the  doors  he  is  asked  to  open;  I  know  of  no  psychotherapeutist 
who  has  all  successes  and  no  failures;  but  any  intelligent  medical 
locksmith  may  learn  how  to  gain  entrance  to  many  abnormal  minds 
if  he  interests  himself  in  the  problem.  It  is  very  saddening  and  dis- 
couraging to  meet  with  some  of  the  somatic  derelicts  we  see  in  our 
offices  and  in  the  hospital  wards  (victims  of  large  white  kidney, 
thoracic  aneurysm,  non-compensable  myocardial  insufficiency, 
dementia  paralytica,  or  carcinoma  ventriculi),  for  in  these  cases  we 
realize  how  little  as  vet  we  are  able  to  offer  them  in  the  way  of  help. 
It  is  very  gratifying  by  contrast  to  see  certain  of  the  psychoneurotics 
who  have  been,   perhaps,   miserable  invalids  for  years,   burdens 
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to  themselves  and  to  their  friends,  reclaimed  by  suitable  means, 
made  very  well  a^ain  and  equal  to  their  life.  The  limitations  of 
psychotherapy  are  very  definite;  they  are  given  by  the  capacity  of  the 
individual  brain  for  education  and  by  various  physical  and  social 
factors.  It  is  matter  for  satisfaction  that  its  field  of  application  is 
as  broad  as  workers  on  the  subject  are  finding  it  to  be.  It  remains 
for  the  future  to  reveal  to  us  all  the  opportunities  of  which  we  may 
take  advantage  in  extending  and  improving  the  activities  of  that 
great  organ  of  adaptation  in  our  bodies — the  cerebrum.  Here  lies 
a  fruitful  territory  for  clinical  research. 

Psychotherapy  has  had  such  a  "yellow  streak"  in  it  that  many 
medical  men  have  refrained  from  utilizing  to  the  full  what  is  good 
in  it.  This  is  one  reason  why  it  is  desirable  that  conservative 
scientifically  trained  men  should  work  with  it  and  let  us  know  their 
experiences  concerning  its  advantages,  on  the  one  hand,  and  its 
limitations  and  dangers  on  the  other.  Its  use  should  be  preceded 
in  every  case  by  the  making  of  an  accurate  diagnosis  by  our  best 
methods.  It  is  no  cure-all,  but  in  certain  cases  it  is  indispensable, 
and  with  all  patients  it  is  a  valuable  supplement  to  the  other  forms 
of  therapy  dealt  with  in  this  symposium. 
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THE   RADICAL   CURE   OF  HABITUAL   CONSTIPA^JION 
BY  PSYCHOTHERAPY. 


By  IRVING  P.  LYON,  M.D., 

BUFFALO,    N.  T. 


A  PERSONAL  experience  of  the  cure  of  sixty-eight  cases  of  habit 
constipation  out  of  sixty-nine  treated  by  the  method  here  advocated 
is  the  excuse  for  presenting  the  method  and  resuhs.  ]\Iy  experience 
with  this  method  dates  from  about  two  years  ago,  before  which  I 
employed  the  more  usual  measures  of  treatment.  These  proved  so 
unsatisfactory  and  untrustworthy  that  I  was  quite  willing  to  try  any 
other  means  that  offered  a  hope  of  better  results. 

Rational  psychotherapy,  as  practised  by  some  distinguished 
advocates  within  the  regular  medical  profession,  appealed  to  me 
as  worthy  of  serious  consideration  and  trial,  and  I  began  to  employ 
this  agent  on  the  general  lines  described  by  Dubois.^  I  therefore 
disclaim  any  originality  for  the  method  here  described.  To  my 
surprise  and  satisfaction,  the  results  obtained  in  the  first  cases 
treated  were  uniformly  successful,  although  some  of  these  cases  were 
as  unpromising,  apparently,  as  could  be  selected  for  a  test,  including 
several  instances  of  profound  neurasthenia  with  habit  constipation. 
The  success  obtained  in  these  test  cases  increased  my  confidence 
in  the  method  of  treatment,  and  every  new  trial  added  to  it.  With 
longer  experience  my  confidence  became  well  founded,  and  warrants 
me,  I  think,  after  two  years  of  successful  use  of  the  method,  in  pre- 
senting it  and  recommending  it  for  general  trial. 

The  Causes  of  Habit  Constipation.  While  it  is  granted  that 
the  predisposing  and  exciting  factors  of  chronic  irregularity  of  the 
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bowels  or  habit  constipation  are  many  and  varied,  it  is  a  mistake 
to  regard  these  factors  as  paramount  and  demanding  chief  considera- 
tion in  the  treatment.  To  do  so,  which,  in  fact,  is  the  prevailing 
rule  in  the  medical  profession,  leads  to  a  custom  of  tinkering  with 
trifles  and  inducing  a  resort  to  laxatives  and  cathartics,  thus  laying 
the  foundation  for  future  irregularity  of  function  or  habit  constipa- 
tion. Changes  of  water  and  diet,  travelling,  irregular  habits  of  life 
may  lead  to  irregular  action  of  the  bowels  and  chronic  constipation. 
So  also  may  pregnancy,  floating  kidney,  neurasthenia  or  any  other 
condition  that  tends  to  disturb  the  nervous  system  locally  or  generally. 
These  factors,  however,  do  not  invariably  or  necessarily  induce 
chronic  constipation,  but  only,  as  a  rule,  when  the  early  tendency  to 
costiveness  is  encouraged  by  neglect  of  training  of  the  bowels  to 
functional  regularity.  Herein  lies  the  true  cause.  The  use  and 
abuse  of  cathartics  has  become  so  universal  that  on  the  slightest 
provocation  the  public  has  become  accustomed  to  resort  to  them 
for  relief.  This  often  leads  to  the  cathartic  habit,  and  then  habit 
constipation  is  firmly  established. 

The  Final  Cause  of  Habit  Constipation  is  Habit.  This  habit 
involves  both  the  mentality  and  the  special  nerves  of  function  of 
the  intestine.  The  latter  are  encouraged  in  their  loss  of  control  or 
of  spontaneous  action  indirectly  by  the  mental  habit  or  conviction 
of  necessary  local  disturbance  in  the  intestines.  So  long  as  the 
mind  of  the  patient  continues  to  be  misinformed  as  to  the  real  cause 
of  the  functional  disturl)ance,  tinkering  with  the  minor  agents  of 
relief  is  likely  to  prove  ineft'ectual  in  inducing  a  radical  cure,  although 
such  a  cure  may  occasionally  be  induced  by  any  method  of  treatment 
that  includes  strong  suggestive  authority  by  the  physician  and 
systematic  fixing  of  a  regular  time  for  the  act  of  defecation.'  Such 
cures  only  prove  the  rule  of  causation  herein  urged.  This  view  of 
causation,  if  correct,  suggests  naturally  the  proper  method  of  treat- 
ment. 

'■  Formerly  I  used  the  oil  cure  with  success  in  obstinate  cases,  by  giving  large  enemata 
of  washed  olive  oil  at  bedtime,  to  be  retained  until  next  morning  after  breakfast  at  a 
fixed  hour.  The  oil,  being  fluid,  readily  passed  at  the  appointed  time,  and  witli  it  a  soft 
fecal  movement.  By  starting  with  as  large  an  amount  of  oil,  usually  twelve  to  sixteen 
ounces,  as  could  be  comfortably  retained  through  the  night,  and  gradually  reducing  it, 
in  the  cour.se  of  two  or  three  weeks  a  cure  was  often  established.  The  real  cause  of  the 
cure,  I  believe,  was  the  fixing  of  the  time  for  defecation,  thereby  inducing  control  by- 
habit. 
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Method  of  Treatment,  Psychotherapy,  Trainincj  in  Habit, 
and  Accessory  Stimuli.  In  treating  habit  constipation,  the  force  of 
habit  must  be  recognized  and  combated.  All  habits  have  a  certain 
mental  equivalent  or  representation.  The  habit  of  constipation  is 
no  exception.  In  a  sense  it  seems  to  be  a  functional  disturbance 
related  to  a  psych oneurosis,  a  psychoneurosis  of  function.  However, 
obscure  and  ill-defined  the  mental  representation  may  appear  in 
theory,  in  practice,  at  any  rate,  it  becomes  evident. 

If,  in  practice,  a  strong  vigorous  man  of  fifty-two  applies  to  a 
physician  for  the  relief  of  chronic  constipation  that  has  persisted 
from  earliest  childhood  without  interruption,  without  once  in  fifty 
years  permitting  natural  spontaneous  defecation  without  cathartics, 
and  if  this  man  is  so  far  influenced  in  his  mentality  regarding  his 
fixed  habit  of  constipation  by  a  single  interview  with  the  physician, 
without  drugs,  without  change  of  diet,  without  any  chemical  or 
physical  agents  whatever,  but  merely  by  conversation,  so  as  to  be 
cured  overnight  and  thereafter  permanently  through  the  next  year,  is 
there  any  doubt  that  the  constipation  has  a  representation  in  the 
mind  of  the  patient,  is,  in  fact,  a  pure  psychoneurosis  of  function? 
If  somewhat  similar  experiences  are  repeated  many  times,  not  only 
in  men  in  robust  health,  but  also  in  bedridden  neurasthenic  women, 
cured  permanently  by  conservation  alone  and  promptly  overnight 
or  in  the  course  of  a  few  days,  can  one  deny  in  such  instances  the 
existence  of  a  psychological  equivalent  of  constipation?  Such 
experiences  have  occurred  repeatedly  in  my  practice,  exactly  as 
represented  in  the  hypothetical  cases.  I  cannot  doubt,  then,  thie 
existence  of  some  kind  of  mental  influence  over  the  function  of  the 
bowels.  The  exact  nature  of  this  influence  may  be  an  interesting 
subject  for  speculation  and  investigation,  but  here  may  not  be 
considered.  The  useful  application  of  the  fact  alone  interests  us 
here  in  the  object  of  treatment.     Psychotherapy  is  clearly  indicated. 

Such  a  mess  of  puerile  nonsense  has  lately  been  exploited  with  the 
public  under  the  designation  of  psychotherapy  that  the  very  term 
now  tends  to  arouse  suspicion,  distrust,  and  even  disgust  in  the 
scientific  medical  profession.  This  is  but  natural  for  a  conservative 
body,  but  cannot  be  justified.  If  psychotherapy  has  been  debased 
and  exploited  by  "  newthoughters"  of  every  breed,  it  has  also  been 
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cultivated  and  developed  by  scientific  investigators  and  raised  to  a 
legitimate  iLse.     For  its  proper  use  no  apology  is  needed. 

How  then  is  psychotherapy  to  be  applied?  AMiat  are  its  limita- 
tions? What  other  factors  can  be  combined  with  it  to  advantage, 
and  how  important  are  such  other  factors  or  accessory  stimuli? 
It  must  be  frankly  admitted  that  these  are  questions  not  easy  to 
answer  in  the  space  of  a  readable  paper.  Only  the  briefest  outlines 
can  be  given  in  reply,  and  personal  experience  alone  can  satisfy. 
One  might  as  well  give  rules  to  convert  a  heathen  as  to  explain  how 
to  talk  a  man  with  constipation  into  a  conviction  and  realization  of 
its  ready  cure.  The  subtlety  of  psychology  cannot  be  mastered  by 
rules  on  paper.  I  can  attempt,  therefore,  only  to  give  the  principles 
involved  and  a  crude  outline  of  the  general  average  method  of  pro- 
cedure. Variations  to  suit  the  individual  must  be  suggested  bv 
the  circumstances  of  each  case.  One  person  needs  sympathetic 
persuasion,  another  logical  exposition,  another  must  be  taken  by 
storm  and  forced  into  submission.  The  sine  qua  iioti  of  success,  I 
believe,  is  the  evident  sincerity  of  conviction  of  the  physician  arous- 
ing the  hope  and  faith  of  his  patient.  The  instinct  of  sincerity  and 
confidence  is  felt  by  contact,  and  cannot  be  aroused  by  a  lukewarm 
doubter.  Before  trying  this  method  of  treatment,  some  degree  of 
enthusiasm  must  be  aroused  in  the  physician  himself  by  a  knowledge 
of  psychology  and  some  general  reading  of  the  best  works  expounding 
its  practice  in  therapy.  If  confidence  in  the  method  can  be  felt, 
enthusiasm  and  experience  can  be  trusted  to  work  out  the  details 
for  successful  practice.  It  was  along  such  lines  and  by  such  pro- 
cedure that  I  developed  my  own  experience,  still  immature,  but 
growing. 

I  will  not  weary  you  with  tlie  details  of  conversation  necessary  to 
overcome  the  opposition  of  the  patient  and  to  secure  not  only  his 
blind  faith  in  the  authority  of  his  doctor,  but  also  his  logical  persua- 
sion. It  would  be  impossible  to  reproduce  the  many  arguments 
that  were  found  expedient  to  convince  the  various  types  of  patients. 
It  should  be  emphasized,  however,  that  the  means  of  persuasion 
need  not  often  include  back-handed,  indirect,  and  subtle  suggestion, 
but  only  straightforward,  simple,  sincere,  heart-to-heart  conversa- 
tion.    Explanation  of  the  way  the  mind  operates  in  making  and 
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unmaking  habit,  unequivocal  assertion  that  the  psychological 
method  meets  few  failures,  is  almost  sure  and  certain,  bolstering 
the  wavering  hope  of  the  patient  by  reading  the  records  of  success 
in  other  patients,  burning  all  the  bridges  behind  to  prevent  retreat  by 
persuading  the  patient  to  actually  destroy  his  drugs,  these  are  the 
simple  arguments  that  win  the  faith  of  the  patient. 

When  once  his  faith  and  confidence  are  enlisted,  the  rest  is  easy. 
A  single  fixed  time  for  a  daily  movement  of  the  bowels  must  be 
chosen  and  all  efforts  concentrated  to  produce  regularity  of  action 
at  this  time,  i.  e.,  habit.  In  fixing  the  time  for  the  movement,  some 
consideration  should  be  paid  to  the  patient's  convenience  and  duties. 
Furthermore,  inquiry  should  be  made  as  to  w'hether  there  is  any 
tendency  whatever  for  natural  defecation  to  occur  at  any  special 
time.  If  so,  advantage  should  be  taken  of  this  tendency,  slight  and 
irregular  though  it  be,  and  this  time  should  be  the  one  chosen  for 
the  regular  movement.  In  the  great  majority  of  patients  the  most 
natural  and  convenient  time  is  a  few  minutes  after  breakfast,  and 
unless  strong  reasons  for  selecting  another  time  are  presented  this 
should  be  chosen.  The  patient  should  go  to  stool  at  the  exact 
appointed  time,  whether  or  not  any  inclination  to  defecate  is  felt  in 
advance.  While  at  stool  he  should  concentrate  his  attention  upon 
his  object,  should  avoid  premature  straining,  and  should  not  coax 
his  bowels  too  long  in  case  spontaneous  action  does  not  soon  occur, 
waiting  at  the  most  ten  minutes.  If  success  is  not  obtained  within 
this  time,  postponement  of  further  effort  should  be  made  to  the  next 
day  at  the  same  hour. 

If  strong  inclination  should  be  felt  later  in  the  day  it  should  be 
resisted,  and  the  bowels  should  be  told,  like  a  spoiled  child,  as  it 
were,  that  they  must  move  at  one  time  and  at  that  time  only.  In 
many  cases,  at  the  beginning,  as  the  habit  of  constipation  begins  to 
yield,  a  difficulty  is  encountered  in  the  occurrence  of  an  urgent 
demand  for  defecation  at  other  times  than  the  appointed  morning 
hour.  The  patient  must  be  instructed  to  resist  such  inclination, 
however  urgent,  until  the  control  of  regular  morning  action  has  been 
thoroughly  mastered.  Subsequently,  however,  it  will  be  found 
practicable  and  desirable  in  some  cases  to  encourage  the  habitual 
action  of  the  bowels  a  second  time  in  the  day,  best  at  night. 
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In  case  of  complete  failure  for  three  days  in  succession,  the  large 
intestine  should  be  emptied  by  means  of  a  large  enema  and  the 
patient  encouraged  to  persist  in  his  efforts.  It  is  well  not  to  suggest 
in  advance  the  possibility  of  failure  by  directing  the  use  of  an  enema 
after  three  days  of  failure,  but  rather  to  instruct  the  patient  to  report 
his  success  to  the  physician  on  the  second  day,  when,  if  necessary, 
the  enema  may  be  ordered.  As  a  rule,  it  will  not  be  required.  If 
there  has  been  a  partial  success,  the  patient  should  be  encouraged 
to  persist  and  to  expect  greater  success  on  the  following  days.  When, 
during  the  first  few  days  of  trial,  the  bowels  fail  to  move  for  three 
days  in  succession,  the  enema  which  is  ordered  should  be  taken 
immediately  after  the  expiration  of  the  ten-minute  period  of  effort 
for  natural  action,  thereby  causing  a  movement  approximately  at 
the  regular  time,  thus  helping  to  fix  this  time  in  the  habit  which 
it  is  sought  to  establish. 

Certain  natural  stimuli  as  accessories  may  be  used  to  advantage 
at  the  start  in  helping  to  establish  regularity.  The  most  important 
of  these  are  regularity  in  the  general  daily  habits,  going  to  bed  at  a 
fixed  hour,  rising  at  a  fixed  hour,  taking  a  morning  cold  sponge 
bath,  sipping  a  glass  of  water  while  dressing,  taking  breakfast  at  a 
fixed  hour,  and  eating  an  abundant  coarse  diet  including  a  varietv  of 
vegetables,  fruit,  brown  bread,  and  similar  articles.  Plenty  of  water 
should  also  be  taken.  Precise  directions  covering  all  such  details 
should  be  given  because  of  their  importance  as  accessory  stimuli 
and  also  for  the  psychological  effect  of  painstaking  directions  upon 
the  patient.  After  success  has  been  obtained  and  regularity  long 
established,  the  patient  need  pay  little  or  no  further  attention  to  the 
accessory  stimuli.  He  will  lead  a  normal  life,  and  will  not  return 
to  his  former  habits.  If  he  should  chance  to  lapse  on  a  single  day 
now  and  then,  it  will  give  him  no  concern,  he  will  not  think  of 
taking  a  dose  of  physic,  but  will  confidently  await  success  on  the 
next  day  at  the  appointed  hour.  His  mentality  regarding  consti- 
pation is  completely  changed.  He  can  even  take  a  dose  of  physic 
on  special  occasions  without  the  slightest  fear  of  interrupting  his 
established  habit  of  regularity.  In  short,  when  once  cured  he 
remains  cured  because  he  has  established  a  fixed  habit  of  control  of 
function. 
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Many  physicians  claim,  when  the  outline  of  this  treatment  is 
presented,  that  it  represents  nothing  new,  is  similar  to  what  they 
have  practised,  and  that  they  have  always  sought  to  establish 
regularity  of  function  at  a  specified  time.  Whether  it  is  new  is 
unimportant,  that  it  is  effective  with  only  rare  exceptions  establishes 
its  claim  to  some  degree  of  distinction  from  the  methods  commonly 
practised.  This  distinction  lies  chiefly  in  its  emphasis  on  psychologi- 
cal influence.  The  thoroughness  and  persistence  with  which  such 
influence  is  exerted  determine  its  success.  A  full  hour  or  more  is 
required  for  the  first  interview  with  the  patient,  and  thereafter  fre- 
quent and  regular  reports  by  him  should  be  insisted  upon  to  enforce 
the  principle  and  to  meet  possible  difficulties.  Half-hearted  trial 
and  routine,  lacking  individualization,  fail.  Enthusiasm,  thorough- 
ness, and  persistence  succeed. 

It  is  not  claimed  that  psychotherapy  exclusively  in  all  cases  is 
sufficient.  Often  it  is.  But  faulty  habits  in  the  mode  of  living 
must  be  corrected.  If  a  man  eats  too  little,  or  food  that  is  too  fine, 
rich,  and  concentrated,  he  must  be  given  a  diet  that  is  sufficiently 
abundant,  bulky,  and  coarse.  If  he  leads  a  sedentary  life,  without 
sufficient  exercise  to  maintain  a  healthy  constitution,  he  should  be 
encouraged  to  correct  this  fault,  and  appropriate  and  congenital 
recreation  and  exercise  should  be  discovered  and  prescribed.  If 
the  patient  is  nervous,  thin,  and  tired,  increased  rest  must  be  insisted 
on  and  forced  feeding  instituted.  How  frequently  are  such  patients 
made  worse  in  all  their  symptoms  by  excessive  exercising,  such  as 
horseback  riding,  bicycling,  hard  walking  and  climbing,  prescribed 
by  physicians?  I  have  seen  the  case  of  a  constipated,  dyspeptic, 
reduced  neurasthenic  stock  breeder,  whose  occupation  had  kept 
him  in  the  saddle  daily  for  years,  apply  for  relief  to  a  great  hospital, 
and  be  directed  to  get  out  of  bed,  go  out  on  the  street  and  walk,  in 
order  to  get  fresh  air,  exercise,  and  strength ! 

Even  drugs  may  be  employed,  if  clearly  indicated,  to  combat 
special  conditions  and  complications.  Constipation  in  a  girl  with 
chlorosis  cannot  be  cured  permanently  until  the  chlorosis  is  cured 
by  iron.  The  constipation  dependent  upon  diseases  of  the  heart 
requires  perhaps  a  course  of  digitalis.  Such  clear  indications  for 
drugs  need  not  be  denied  or  avoided.     Their  proper  use  in  no  wise 
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compromises  the  principle  of  rational  psychotherapy.  Constipation 
secondary  to  organic  diseases  is,  however,  not  included  in  the  subject 
of  this  paper,  which,  as  is  implied  throughout,  concerns  only  or 
primarily  functional  habit  constipation.  In  this  condition  drugs 
should  be  used  with  caution  and  cathartics  not  at  all,  in  m\- judg- 
ment. In  the  series  of  cases  here  presented  cathartics  or  laxative 
druffs  were  not  once  used.  Few  drugs  of  anv  kind  were  ever  em- 
ployed,  and  when  they  were  their  identity  and  purpose  were  frankly 
stated  to  the  patient.  In  a  few  instances  a  few  doses  of  sodium 
bicarbonate  and  bismuth  or  belladonna  were  administered  to  relieve 
gastric  pain.  Bromides  were  sometimes  used  at  the  beginning  in 
cases  of  general  nervousness  wath  constipation.  In  several  cases  of 
malnutrition  in  constipated  neurasthenics,  mix  vomica  was  pushed 
vigorously.  Broadly  speaking,  nux  vomica  as  a  general  tonic  to 
the  nervous  system  and  to  appetite  and  digestion  was  the  onjy  drug 
that  played  any  appreciable  part  in  the  treatment  of  the  cases,  as  a 
whole.  When  it  was  prescribed  care  was  taken  to  inform  the  patient 
that  it  was  not  a  cathartic,  but  merely  a  general  tonic,  thereby 
maintaining  consistency  and  authority  with  the  patient  in  winning 
'  moral  control. 

Statistics  and  Observations.  Final  Results.  Cases  treated. 
69;  cured,  68;  failure,  1.  These  69  cases  were  all  cases  of  habit 
constipation  of  long  standing,  varying  from  a  few  months  to  fifty 
years  or  more.  The  only  complete  failure  was  in  the  case  of  an 
educated  woman,  aged  forty  years,  a  most  obstinate  neurasthenic, 
who  gave  the  impression  of  caring  more  for  her  complaints  and  the 
sympathy  they  aroused  than  for  their  cure.  The  cause  of  this  failure 
may,  however,  be  related  to  the  possible  effects  of  several  attacks  of 
peritonitis  which  had  occurred  about  twenty  years  before  from  pus 
tubes. 

Tijne  Required  for  Cure.  This  varied  from  one  day  to  four  weeks ; 
the  majority  of  cases  were  cured  within  two  weeks,  several  in  a 
single  day.  The  case  requiring  four  weeks  proved  about  two  months 
subsequently  to  have  inoperable  cancer  of  the  rectum;  in  spite  of 
this  the  cure  remained  complete  until  an  operation  of  colostomy  was 
performed  three  months  after  the  cure.  Some  of  the  cases  of  longest 
duration  and  greatest  obstinacy  were  cured  on  the  first  day,  as,  for 


490  LYON:   HABITI'AL   CONSTIPATION 

instance,  a  strong  man,  aged  fifty-two  years,  leading  an  out-of- 
door  life,  who  stated  that  he  had  never  within  his  recollection  from 
earliest  childhood  had  a  single  movement  of  the  bowels  except  a^ 
the  result  of  cathartics.  His  complete  and  permanent  cure  was 
established  the  next  morning  after  a  single  interview,  more  than  a 
year  ago.  During  this  period  his  bowels  moved  regularly  and 
sufficiently  every  morning  except  for  an  interruption  of  two  days 
following  an  automobile  accident.  Similar  one-day  cures,  while  the 
exception,  have  not  been  rare,  and  include  a  wide  range  of  types  of 
patients,  strong  men  apparently  without  nerves  and  weak  nervous 
women,  two  of  the  latter  bedridden  neurasthenics  with  many  serious 
symptoms  in  addition  to  constipation. 

Permanency  of  the  Cure.  Relapses.  So  far  as  I  know,  not  a 
single  case  in  the  sixty-eight  reported  as  cured  has  permanently 
relapsed  into  the  previous  condition,  though  such  possibility  cannot 
be  denied,  as  several  of  the  cases  have  subsequently  disappeared.  So 
far  as  I  have  been  informed,  in  only  a  few  instances  has  a  partial 
relapse  occurred  and  then  only  temporarily. 

Thus,  an  ignorant  Swedish  servant,  aged  fifty-four  }ears,  was  cured 
and  dropped  out  of  my  further  notice  for  several  months.  Later, 
her  mistress  reported  to  me  that  she  had  discovered  that  the  woman 
had  suffered  a  recurrence  and  had  been  using  cathartics  for  a  week  or 
two.  By  insistence  the  mistress  herself  promptly  induced  the  ser- 
vant to  regain  natural  control  of  the  bowels,  and  since,  during  a 
period  of  six  months  there  has  been  no  further  trouble.  In  ignorant 
and  indift'erent  people  relapses  w^ould  be  expected  with  any 
method  of  treatment.  It  would  be  advisable,  if  practicable,  to 
require  patients  cured  to  report  for  advice  monthly  during  the  first 
year. 

Another  instance  of  relapse  occurred  in  the  following  case:  A 
woman  of  high  intelligence  and  station,  aged  about  forty  years,  in  the 
sixth  month  of  her  fifth  pregnancy,  suffered  obstinate  constipation, 
w^hich  had  begun  during  her  first  pregnancy  and  continued  uninter- 
ruptedly thereafter  for  about  ten  years,  markedly  aggravated  during 
each  pregnancy.  She  had  been  treated  by  eminent  physicians  by 
most  of  the  standard  methods  with  absolute  failure.  Dependence 
on  cathartics  was  complete.     She  made  a  resolute  fight  against  the 
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habit,  and  had  it  thoroughly  broken  in  about  two  weeks,  continuing 
free  from  constipation  thereafter  until  the  last  week  or  two  of  full 
term,  at  which  time  she  again  had  to  resort  to  cathartics.  The 
lapse,  however,  was  short  lived  and  was  soon  followed  by  the  regain 
of  natural  control  during  the  puerperium  before  she  had  left  her  bed. 
Since  then,  during  the  following  five  months,  there  has  been  only  an 
occasional  skip. 

Another  instance  of  relapse  occurred  in  a  highly  cultivated  woman, 
aged  fifty  years,  a  profound  neurasthenic  and  psychasthenic.  She 
came  under  my  care  in  February,  1907,  just  out  of  a  sanatorium 
where  she  had  spent  fifteen  months  in  vain  struggle  for  improvement, 
having  been  allowed  every  night  during  the  entire  period  cathartics 
for  constipation  and  hypnotics  (veronal  and  trional,  8  to  16 
gr. )  for  insomnia.  I  told  her  at  once  that  these  drugs  must  be 
stopped  and  that  her  constipation  would  be  promptly  cured  without 
drugs.  Her  bowels  moved  next  morning  at  the  appointed  time  and 
uninterruptedly  thereafter  at  the  same  hour  daily  for  more  than  a 
year.  Her  general  improvement  became  also  marked,  so  that  she 
became  practically  well.  A  partial  relapse  to  the  condition  of 
general  nervousness  with  insomnia  occurred  in  ]\Iarch,  1908,  and 
for  a  change  she  went  for  a  visit  of  a  few  weeks  to  a  New  England 
city,  there  consulting  upon  my  advice  a  distinguished  neurologist. 
At  that  time  constipation  recurred,  and  the  use  of  laxatives  was 
resumed  with  the  permission  of  the  physician.  Upon  her  return  to 
my  control  laxatives  were  again  immediately  stopped,  and  perfect 
regular  functioning  of  the  bowels  was  reestablished  the  next  day, 
and  has  continued  since.  This  is  an  instance  of  an  avoidable 
relapse,  in  my  judgment. 

The  above  instances  include  most  if  not  all  of  the  relapses  that 
have  occurred  in  the  series.  One-  or  two-day  skips  now  and  then, 
arising  from  changes  of  water  and  diet,  travelling,  and  other  well- 
known  excitants  I  do  not  count,  as  they  are  normal  to  all  people. 
The  only  importance  they  have  is  the  lesson  they  teach  to  overlook 
them  and  not  make  them  tlie  excuse  for  renewed  drugging.  My 
instruction  is  to  neglect  an  occasional  skip  and  to  interfere  by  enema 
only  in  case  the  bowels  fail  to  move  for  two  or  three  days  in  succes- 
sion.    Cathartics  are  better  reserved  for  rare  occasions. 
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Age.  The  youngest  was  four,  the  oldest  sixty  years  of  age;  the 
great  majority  were  from  thirty  to  fifty-five  years  of  age.  In  the 
cases  of  feeble  old  people  with  degenerative  conditions  and  complica- 
tions I  have  not  thought  it  wise  to  try  the  method,  or,  at  least, 
I  have  not  had  the  courage  to  do  so.  I  have  also  not  undertaken 
this  method  of  treatment  in  very  young  children,  for  obvious  reasons, 
although  I  believe  that  control  of  the  bowels  can  and  ought  to  be 
taught  from  earliest  infancy. 

Sex.     Females  outnumbered  males  in  the  series  3  to  1. 

Station  in  Life.  The  majority  of  patients  belonged  to  the  upper 
classes,  but  not  a  few  were  of  the  plain  and  working  people.  Very 
few  only  could  be  classed  as  ignorant.  Some  intelligence  and  power 
of  concentration  of  attention  must  be  possessed  by  patients  in  order 
to  be  reached  by  this  method. 

Occupation.  This  varied  with  the  station  in  life  and  sex,  the  list 
of  patients  including  people  of  leisure,  professional  men,  merchants, 
clerks,  farmers,  mechanics,  laborers,  servants,  etc.  Many  of  the 
patients,  especially  women,  led  sedentary  lives,  and  success  with 
them  was  hardly  more  difficult  than  with  those  leading  active  lives. 
Patients  put  to  bed,  as,  for  instance,  in  instituting  a  rest  cure  for 
advanced  neurasthenia,  yielded  as  readily  and  promptly  as  those 
who  were  active  and  about.  In  fact,  activity  in  some  people  seemed 
to  induce  a  state  of  spastic  constipation,  and  occasionally  it  was 
found  helpful  to  prohibit  excessive  exercising,  or  even  to  put  the 
patient  to  bed  for  a  few  days  at  the  beginning  of  the  cure.  My 
judgment  is  that  constipation  is  much  more  often  increased  than 
lessened  by  such  exercises  as  horse-back  riding,  bicycling,  abdominal 
massage,  etc. 

Complications.  \Miile  in  some  cases  the  exclusive  complaint  was 
habitual  constipation,  in  many  constipation  was  only  one  of  the  symp- 
toms complained  of,  the  series  of  cases  representing  a  wide  range 
of  psychic  and  functional  and  also  some  organic  disturbances.  The 
treatment  of  complicating  functional  conditions  w^as  often  deferred 
until  the  constipation  was  overcome  in  order  to  avoid  undertaking  too 
much  at  once,  but  chiefly  because  constipation  is  the  most  readily 
cured  of  all  functional  disturbances.  The  cure  of  the  constipation 
quickly  accomplished  exerts  strong  suggestive  influence  in  establish- 
ing professional  authority  and  control  of  other  symptoms. 
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In  a  few  cases,  not  included  in  this  series,  psychic  treatment  was 
attempted,  but  was  soon  abandoned  upon  the  discovery  of  serious 
organic  lesions  which  demanded  vigorous  depleting  measures. 

In  conclusion,  I  would  say  that  the  favorable  experience  that  I 
have  had  with  this  method  of  treatment  has  been  as  great  a  surprise 
to  me  as  it  may  be  to  my  critics.  Whether  further  experience  will 
prove  equally  successful,  only  time  can  demonstrate.  I  expect 
failures,  for  no  method  is  perfect.  I  am  convinced,  however,  of 
the  superior  merit  of  this  method  and  urge  its  claim  for  wider  recogni- 
tion and  practice  by  the  medical  profession. 


PHYSICAL  THERAPEUTICS. 


By  R.  TAIT  McKENZIE,  M.D., 

PROFESSOR    OF    PHYSICAL    EDUCATION,    DNIVERSITT    OF    PENNSYLVANIA. 


Exercise  as  a  therapeutic  agent  must  include  all  means  by  which 
the  body  may  be  acted  upon  by  movements,  active  or  passive,  per- 
formed by  means  of  the  patient  himself,  the  hand  of  an  operator,  or  a 
machine  devised  for  that  purpose. 

Active.  By  making  the  definition  comprehensive  we  bring  in  all 
the  more  active  forms  of  exercise,  such  as  games,  in  wdiich  the  modern 
man  strives  to  preserve  and  cultivate  these  old  coordinations  of  throw- 
ing, catching,  striking,  climbing,  leaping,  and  running,  that  instinct 
has  told  him  are  necessary  for  self-preservation  and  complete, 
symmetrical  development. 

The  popularity  of  such  games  as  golf  is  an  example  of  the  way  in 
which  the  cry  of  the  muscular  system  for  exercise  is  answered  by  the 
sedentary  office  worker. 

It  is,  however,  the  accurate  and  direct  therapeutic  application  of 
exercise  in  its  many  forms  that  must  be  considered  in  this  discussion. 

(a)  Effort.  Active  exercise  may  be  divided  into  "exercises  of 
effort"  and  "exercises  of  endurance."  In  exercises  of  effort  mus- 
cular contraction  is  violent  and  the  attention  concentrated  on  one  or 
two  contractions  only.  The  breath  is  usually  held  and  the  blood 
pressure  rises  enormously  and  suddenly,  going  down  again  rapidly 
to  normal,  more  quickly  than  the  pulse  rate,  weight  lifting,  throwing,, 
jumping,  and  vaulting  being  examples.  The  danger  in  these  exer- 
cises lies  in  muscular  overstrain,  hernia,  or  in  the  rupture  of  sclerosed 
arteries  or  a  defective  heart. 

(b)  Endurance.  In  exercises  of  endurance  easy  movements  are 
repeated  until  the  onset  of  fatigue.  In  such  exercises  the  blood 
pressure  rises  more  slowly  and  remains  high,  even  after  the  pulse 
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rate  has  gone  dowii.  Walking  is  perhaps  the  best  example.  In 
a  toxic  dose  we  get  "fatigue  fever,"  the  temperature  going  up  to 
102°,  restlessness,  insomnia,  albuminuria,  seminal  emissions,  and 
general  muscular  stiffness  and  soreness,  lasting  several  days. 

^lany  exercises  combine  both,  like  boat-racing  or  middle  distance 
running,  in  which  there  are  a  series  of  maximum  efforts  lasting  up  to 
twenty  minutes,  with  no  intervals  of  rest.  The  tax  is  here  on  the 
circulatory  apparatus,  and  in  such  men  we  would  look  for  heart 
dilatations  and  h^'pertrophy.  The  most  careful  investigation  shows, 
however,  that  the  healthy  heart  is  not  so  affected,  permanently,  at 
least,  and  that  the  remote  after-effects  are  practically  negligible. 
The  history  of  '^'arsity  crew  men,  as  shown  by  the  investigations  of 
Morgan,  in  England,  and  Meylan,  in  America,  shows  an  expectation 
of  life  of  two  to  four  years  above  the  selected  lives  of  the  actuarial 
tables  of  life  insurance  companies.  Roughly  speaking,  exercises 
of  "effort"  are  more  suitable  in  youth,  while  exercises  of  "endur- 
ance" are  better  borne  by  those  of  more  mature  years. 

(c)  Duplicate  Movements.  In  duplicate  movements  the  direction 
of  the  movement  is  controlled,  and  the  amount  of  resistance  applied 
by  the  hand  of  the  operator  is  estimated  and  prescribed.  In  thera- 
peutic language,  the  dose  is  measured.  In  the  Zander  method  of 
mechanotherapy  the  hand  is  replaced  by  the  weighted  lever  of  a 
machine,  acting  so  that  the  heaviest  pull  comes  on  the  muscle  when  in 
its  best  position  for  action.  The  advantages  of  such  movements  are: 
(1)  The  accuracy  of  the  movement;  (2)  the  power  of  isolating  the 
groups  of  muscles  involved;  (3)  their  capacity  for  stretching  con- 
tracted parts. 

Passive.  In  passive  movements  the  patient's  will-power  is  not 
exerted  and  the  circulation  in  the  muscle  itself  is  improved  mechani- 
cally, much  as  respiration  is  re-awakened  in  the  drowned  man  by 
the  expansion  and  contraction  of  the  chest  walls. 

Massage.  Passive  exercise  is  either  in  the  form  of  massage  in  its 
various  manipulations  of  stroking,  kneading,  pinching,  striking,  or 
shaking,  or  by  mechanical  means,  as  in  machines  like  the  "  tower," 
the  "camel"  and  the  "horse"  of  Zander,  or  by  the  innumerable 
vibrating  machines  that  are  the  rank  growth  from  the  seed  planted 
by  him  thirty  years  ago. 
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There  is  such  wide  divergence  of  effect  from  different  forms  of 
exercise  that  the  nature  and  amount  of  movement  to  be  applied  in  a 
particular  case  may  be  attended  with  considerable  difhculty  and 
risk,  accuracy  being  the  most  important  factor  in  outlining  a  course 
of  treatment.  Even  in  the  universal  exercise  of  walking,  the  change 
of  pace  from  three  to  four  miles  an  hour  changes  a  listless  amble  into 
a  vigorous  exercise,  and  mountain  climbing  is,  after  all,  just  walking 
up  a  slope,  while  the  fatigue  of  walking  over  broken  ground  or  along 
a  rail,  where  the  attention  must  be  kept  on  the  track,  involves  close 
mental  concentration,  in  what  would  be  an  entirely  automatic 
exercise  on  a  level  road. 

Posture.  The  most  obvious  application  of  exercise  is  to  the  many 
faults  of  posture  that  result  in  deformity  to  the  yielding  structures  of 
the  spine  and  arch  of  the  foot.  The  exaggeration  of  the  normal 
anteroposterior  physiological  spinal  curves  to  the  pathological  con- 
dition, known  as  "stooped  shoulders"  or  "round  back,"  or  to  the 
various  lateral  deviations,  with  rotation  of  the  vertebrae,  grouped 
under  the  name  of  scoliosis,  are  examples;  and  over  GO  per-  cent,  of 
such  cases  are  due  to  some  form  of  muscle  fatigue. 

To  offset  the  freedom  due  to  the  upright  position,  we  must  consider 
the  disadvantages  of  support  by  one  pair  of  limbs,  the  others  acting 
as  weights  to  be  carried,  a  disadvantage  that  is  intensified  during 
the  growing  period  by  long  hours  of  comparative  stillness,  in  which 
these  forces  can  act  unimpeded.  The  success  of  the  treatment  in 
these  cases  must  rest  on  exercises  applied,  first,  to  reeducate  the 
patient  in  the  correct  position  of  standing,  sitting,  and  lying;  and, 
in  more  severe  cases,  to  stretch  contracted  ligaments  shortened  by 
habitual  malposition.  Any  mechanical  support  must  be  looked 
upon  only  as  a  means  to  retain  the  improvement  gained  by  these 
active  means. 

The  isolation  of  muscular  action  is  particularly  important  in  a 
delicate  patient  widi  but  small  constitutional  reserve,  who  w^ould  soon 
suffer  general  exhaustion  from  loosely  prescribed  inaccurate  move- 
ments involving  many  and  large  groups  of  muscles  that  do  not 
directly  bear  on  the  condition  to  be  treated. 

Flat  Foot.  In  flat  foot  the  reeducation  of  the  muscles  that  act 
with  the  ligaments  in  supporting  the  plantar  arch  is  a  most  valuable 
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auxiliary  to  the  usual  treatment  by  support,  and  in  some  cases  may 
in  itself  be  sufficient  to  produce  a  cure. 

The  Heart.  An  entirely  different  application  of  exercise  is  that 
to  diseases  of  the  heart  and  circulation,  and  "ue  owe  to  Oertel,  of 
Munich,  the  first  demonstration  of  its  possibilities  in  this  direction. 
Himself  an  invalid  at  thirty,  with  a  fatty  dilated  heart  and  oedematous 
legs,  he  had  to  give  up  practice  completely.  He  improved  his  own 
condition  bv  a  svstem  of  graduated  walks  of  mcreasing  length  and 
up  increasingly  steep  slopes,  accompanied  by  limitation  of  fluids  and 
a  restricted  diet,  until  his  edema,  palpitation,  and  other  symptoms 
of  distress  had  completely  disappeared  by  this  muscular  training 
and  drying-out  process,  and  he  was  able  to  resume  his  practice, 
which  he  carried  on  actively  for  over  twenty  years.  He  established 
his  cure  at  Reichenhall,  where  the  mountainous  paths  about  the 
village  were  lined  bv  rest  benches  and  marked  bv  colored  bands 
attached  to  the  trees  distinguishing  the  slope  and  distance.  By  these 
means  the  amount  and  severity  of  the  exercise  could  be  prescribed 
vdth  accuracy  to  his  patients. 

This  method  has  been  largely  superseded,  or  rather  preceded,  by 
the  more  gentle  and  more  widely  applicable  treatment  introduced  by 
the  Schott  brothers,  Theodore  and  Auguste,  and  practised  M-idely 
both  in  Europe  and  America.  Exercise  is  here  used  in  combination 
with  carbonated  brine  baths.  The  technique  of  the  Ijaths  I  need 
not  enter  into  here,  but  the  exercises  are  simple  and  efficient  in  reduc- 
ing the  rate  and  increasing  the  volume  of  the  pulse,  and  in  materially 
reducing  the  area  of  heart  dulness.  They  consist  of  a  series  of  nine- 
teen duplicate  movements  of  the  simplest  character,  each  done 
slowlv  and  once  onlv,  with  lono-  rests  between.  Thev  begin  with  five 
for  the  arms,  three  for  the  trunk,  four  for  the  arms,  four  for  the  legs, 
one  for  both  arms,  and  two  for  the  hand  and  foot,  the  whole  treat- 
ment lasting  about  twentv  minutes.  Thev  mav  be  given  even  when 
compensation  is  not  established,  and  some  of  them  may  be  given  to  a 
bed-ridden  patient.  The  effect  is  a  slowing  and  strengthening  of  the 
pulse  and  a  reduction  of  the  dilatation,  lasting  for  several  hours  and 
accompanied  by  great  relief  of  the  most  distressing  symptoms  of 
dyspnea  and  palpitation. 

The  conditions  that  lend  themselves  especially  to  this  treatment  are 
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dilatations  from  fatty  deposits  about  or  in  the  substance  of  the  heart 
muscle,  and  valvular  insufficiency.  The  contra-indication  is  arterio- 
sclerosis. 

Obesity.  (Jbesity  is  a  condition  that  can  be  often  controlled  by 
exercise  alone,  whether  the  heart  muscle  is  normal  or  not,  but  care 
must  always  be  exercised  in  the  selection  of  cases.  The  best  results 
are  obtained  in  patients  up  to  thirty-five  or  forty,  who  are  anxious 
to  reduce  their  weight,  whose  hearts  are  sound,  and  where  the  deposits 
of  fat  are  localized  in  the  pericardium,  omentum,  and  mesentery. 
In  those  of  advancing  age,  and  where  the  obesity  is  extreme  and  the 
vital  energies  are  beginning  to  fail,  a  reduction  course  would  accel- 
erate decay  and  lead  to  rapid  loss  of  strength  and  functional  power, 
with  the  continual  risk  of  heart  strain,  arthritis,  and  renal  disease. 

A  course  of  treatment  should  include  regulation  of  diet,  limitation 
of  fluids,  and  the  application  of  daily  exercise  of  increasing  severity 
for  a  period  of  about  five  weeks,  followed  by  a  period  of  one  week's 
rest  to  watch  the  daily  variation  of  weight.  If  necessary,  the  course 
should  be  repeated  from  time  to  time.  The  exercises  should  begin 
with  trunk  flexions  and  extensions,  rotations,  taken  recumbent  at 
first,  followed  by  thigh  flexions,  extensions,  adductions,  and  abduc- 
tions, introducing,  as  they  do,  the  action  of  large  muscle  masses.  As 
the  muscular  tone  improves,  walking  and  hill  climbing  can  be 
begun  cautiously,  as  in  the  Oertel  cure,  and  increased  according  to 
the  strength  and  willingness  of  the  patient. 

^^^len  this  course  is  combined  with  the  limitation  of  fluids,  starches, 
and  sugars,  and  the  exhibition  of  thyroid  extract,  the  results  are  sure 
and  the  reduction  can  usually  be  maintained  with  but  little  eft'ort. 

Constipation.  Constipation  is  so  frequently  the  direct  result  of 
sedentary  habits  that  exercise  at  once  suggests  itself  as  a  valuable 
means  of  controlling  this  disorder,  and  it  is  applied  successfully  in 
many  forms. 

Horseback  riding  or  the  saddle-backed  machines  of  Zander, 
known  as  the  camel  and  the  horse,  are  means  of  agitating  the  abdomi- 
nal contents  and  stimulating  the  peristalsis.  All  movements  of 
flexion  and  rotation  of  the  trunk  on  the  pelvis  produce  a  massage  of 
the  abdominal  contents,  and  the  contraction  of  the  abdominal  muscles 
acts  on  the  abdominal  viscera,  stimulating  the  portal  circulation  and 
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causing  contraction  of  the  intestinal  walls,  while  bv  the  deep  knead- 
ing of  massage  the  course  of  the  colon  may  be  followed  and  the  con- 
tents mechanically  pushed  forward.  A  less  efficient  substitute  for  the 
trained  human  hand  is  found  in  the  Zander  machine,  where  balls 
rotate  on  an  arm  and  follow  the  general  course  of  the  colon  in  a 
circular  direction. 

A  treatment  of  twenty  minutes,  beginning  with  free  stretching 
movements,  going  on  to  trunk  flexions,  and  ending  with  slow  deep 
massage,  following-  the  course  of  the  colon,  is  the  most  effective  wav 
in  which  exercise  may  be  applied  to  this  condition,  and  improvement 
should  appear  from  the  first. 

Hernia.  In  many  cases  the  general  relaxation  of  the  abdomen 
shows  itself  in  dilated  abdominal  rings  and  the  presence  of,  or  tend- 
ency to,  hernia.  A  hernia  that  is  supported  almost  always  shows  an 
inclination  to  recovery,  and  this  can  be  greatly  hastened  by  the 
development  of  the  abdominal  muscles,  which  strengthen  and  keep 
both  abdominal  rings  intact.  The  development  of  the  internal 
oblic[ue  in  its  lower  fibers,  strengthening  the  internal  ring,  for  which 
it  forms  a  lid,  and  of  the  external  oblique,  whose  pillars  narrow  the 
external  ring,  would  be  indicated.  In  exercises  where  complete 
hernia  is  actually  present  the  greatest  care  must  be  exercised  to  pro- 
tect the  abdominal  rings  when  the  exercises  are  being  performed  and 
in  the  intervals.  This  may  be  done  by  training  the  patient  to  use 
the  second  finger  like  the  pad  of  a  truss  during  a  treatment. 

Nervous  System.  The  therapeutic  eft'ect  of  massage,  mechani- 
cal vibration,  and  exercise  on  diseases  of  the  nervous  system  is 
obtained  through  their  power  to  control  pain,  to  improve  local 
nutrition,  to  prevent  or  stretch  contractures,  and  to  educate  and 
train  coordinations  that  are  either  imdeveloped  or  have  been  partly 
lost. 

Neuralgia.  In  neuralgia  massage  is  frequently  of  the  greatest 
service  in  improving  the  circulation  and  elevating  the  temperature 
of  the  part,  while  the  relief  afiorded  by  friction  anfl  kneading  of  the 
whole  scalp  m  headaches  is  well  known. 

Neurasthenia.  In  the  Weir  ^Mitchell  cure  for  neurasthenia 
exercise  plays  an  important  role  during  convalescence,  beginning 
with  massage  to  make  the  assimilation  of  food  more  complete,  and 
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ending  with  more  and  more  active  exercise,  according  to  the  patient's 
condition. 

Paralysis.  In  preserving  the  nutrition  of  the  muscles  after  infan- 
tile paralysis,  massage  is  of  the  greatest  value.  It  is,  with  heat,  our 
main  resource,  and  in  the  reestablishment  of  control  and  the  reedu- 
cation of  the  damaged  nerve  centres  its  value  is  incontestable.  The 
voluntary  action  of  the  affected  muscles  may  be  fostered  by  exercises 
in  which  the  will  power  of  the  patient  is  employed  and  concentra- 
tion of  the  attention  is  trained. 

Stammering.  It  is  through  the  motor  tracts  that  disorders  of  coor- 
dination are  to  be  reached.  The  treatment  of  stammering  by  the 
reeducation  of  the  breathing  mechanism  and  that  of  phonation, 
as  practised  by  Hudson  Makuen,  is  a  case  in  point.  The  two  coordi- 
nations are  taken  separately  and  then  combined  in  such  a  way  as  to 
get  the  complete  and  coordinate  sound,  a  combination  that  is  not 
lost  when  once  established  on  this  firm  physiological  basis. 

Tahes  Dorsalis.  The  symptom  of  ataxia  in  tabes  dorsalis  has  been 
successfully  treated  for  many  years  in  Germany,  Sweden,  and 
America,  but  the  most  complete  and  exhaustive  description  of  it  is 
that  by  Frankel,  of  Heiden,  in  his  book  on  the  subject.  In  these 
patients  the  relaxation  of  the  ligaments  is  accompanied  by  over- 
extension of  the  joints,  flabbiness  of  the  muscles,  but  no  apparent 
loss  of  muscular  power.  The  symptom  against  which  the  exercise 
treatment  is  directed  is  the  motor  disturbance  which  has  its  origin 
not  in  the  diminution  of  the  motor  function  of  the  muscles,  but  in  a 
loss  of  sensibility.  Improvement  is  brought  about  through  the 
capacity  of  the  nervous  matter  to  be  exercised  so  long  as  the  motor 
apparatus  itself  is  intact. 

It  is  a  re-acquisition  of  ordinary  movements  lost  in  consequence 
of  partial  or  total  loss  of  sensibility,  a  principle  identical  with  the 
acfjuisition  by  a  healthy  person  of  a  more  complicated  coordination, 
such  as  juggling  or  balancing. 

Patients  who  are  equipped  from  the  start  with  what  may  be  called 
the  muscular  sense  or  intelligence  will,  in  consequence,  make  more 
rapid  progress  than  those  who  have  never  had  this  equipment. 
Personal  courage  is  an  important  factor,  persistence,  and  the  deter- 
mination to  succeed. 
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At  the  beginning  the  simplest  co5rdinations  must  be  re-taught, 
the  rising  from  a  chair,  sitting  doAvn,  walking,  etc.,  mounting  and 
dismounting  a  stairway. 

Exercises  are  taken  Iving  down,  sitting,  standing,  walking  forward, 
backward,  and  zigzag.  Continuous  movements,  like  following  a 
line  with  the  hand  or  foot,  the  accurate  pointing  to  a  peg  or  hole  by 
foot  or  hand,  are  taught  by  various  ingenious  devices  that  teach  the 
patient  to  keep  the  arm  or  leg  raised  in  a  certain  position,  and  from 
that  position  to  make  excursions  in  which  two  or  more  joints  are 
involved  in  movements  whose  course  varies  at  every  movement. 

The  precautions  to  be  observed  depend  on  the  loss  of  sensibility, 
which  means  that  the  sense  of  fatigue  is  not  felt,  and  exhaustion  even 
after  a  slight  amount  of  work  becomes  extreme,  as  shown  by  the 
rapid  increase  of  pulse  rate  without  the  characteristic  feeling  of 
tiredness.  The  necessity  of  concentrating  the  attention,  the  muscular 
exertion,  the  fear  of  accidents,  the  annoyance  of  failure,  all  produce 
rapid  fatigue,  so  that  a  treatment  must  last  not  over  three  or  four 
minutes,  with  pauses  between  movements,  to  allow  of  complete  recov- 
ery. The  improvement  in  the  ataxia  is  unfailing,  and  although  the 
ideal  result,  a  restoration  of  the  normal  accuracy,  character,  and 
velocity  of  the  movements,  is  not  often  attained,  the  restoration  of 
the  powers  of  locomotion  and  coordination  are  usually  sufficient 
to  enable  the  patient  to  resume  his  business  or  profession,  while  the 
scientific  interest  centres  in  the  phenomenon  of  the  improvement  of  a 
symptom,  which  is  the  result  of  an  organic  lesion. 

It  will  be  seen,  then,  that  exercise  in  its  application  to  pathological 
conditions  of  posture,  of  nutrition,  of  the  circulation,  and  of  the 
nervous  system  must  depend  for  its  success  upon  careful  selection 
and  accuracy  of  the  kind  of  dose  employed,  and  on  persistence  in 
following  out  a  course  of  treatment.  It  is  the  neglect  of  these  con- 
siderations that  is  responsible  for  most  of  the  failures  in  its 
applicatioii. 

So  often  exercise  occupies  the  borderland  between  education  and 
therapeutics  that  it  is  not  surprising  if  the  lay  educationalist  is  some- 
times tempted  on  to  the  unknown  land  of  the  pathologist,  to  the 
discomfort  of  his  theories,  and  the  physician  too  often  fails  to 
appreciate  the  range  and  effectiveness  of  this  most  powerful  and 
versatile  system  of  therapeutics  which  is  always  his  to  command. 
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Dr.  Hobart  a.  Hare:  I  think  the  thing  that  must  impress  those  of  us 
who  are  in  active  practice  most  forcibly  is  that  there  is  still  a  very  wide  difference 
between  pharmacology  and  bedside  experience.  I  think  we  all  must  have 
learned  that  while  pharmacology  is  giving  us  more  and  more  every  day  in  the 
way  of  improving  our  therapeutics  rationally,  yet  a  very  large  amount  of  our 
success  in  practice  depends  on  empiricism,  and  the  success  of  the  older  man 
over  the  yoimger  man  depends  on  this  rather  than  on  a  knowledge  of  the  physio- 
logical action  of  remedies.  I  do  not  want  to  be  misunderstood  as  decrying 
pharmacological  research.  I  do  not  do  so.  But  we  cannot  afford  to  throw 
away  many  of  the  remedies  which  are  employed  with  extraordinary  success, 
which  have  l)een  developed  purely  empirically,  and  which  illustrate  some  of  the 
greatest  triumphs  of  therapeutics  in  this  or  past  ages. 

One  of  the  things  that  must  impress  us  most  forcibly  is  the  point  to  which 
Dr.  Meltzer  has  called  attention;  that  is,  the  extraordinary  ability  of  the  body 
for  repair,  its  extraordinary  power  of  withstanding  and  overcoming  the  results 
of  disease. 

I  am  firmly  convinced  that  many  of  the  procedures  that  were  used  by  our 
forefathers  in  the  profession,  and  wliich  are  now  given  up  by  us,  were  based 
upon  very  good  reasons,  or  if  they  were  not  based  upon  good  reasons  they  will 
ultimately  be  proved  to  be  so.  For  example,  the  various  methods  that  were 
once  used  for  producing  sweating,  and  which  are  very  rarely  resorted  to  now, 
I  think,  in  the  hands  of  the  skilful  physician,  produce  conditions  which  are 
certainly  most  beneficial  and  much  to  be  desired. 

Again,  I  am  firmly  convinced  much  of  our  present  pharmacology  will  have  to 
be  revised;  for  instance,  where  we  were  taught  that  a  certain  drug  does  good  by 
directly  stimulating  the  heart  muscle,  or  the  use  of  atropine  for  the  purpose  of 
having  it  act  as  a  vasomotor  regulator  in  shock.  I  think  we  will  find  that  these 
ideas  were  crude  and  do  not  represent  the  physiological  action  of  the  drug  at 
all.  And  as  a  pointer  to  this  view,  we  have  these  very  interesting  experiments 
in  which  the  use  of  chloral  or  ether  will  prevent  anaphylaxis  when  the  animal 
has  been  sensitized  by  the  administration  of  antidiphtheritic  or  other  serum. 
That  is  now  beyond  our  comprehension.  I  should  not  be  at  all  surprised  if 
further  investigation  would  prove  that  the  beneficial  effect  of  atropine  in  pul- 
monary edema  is  not  at  all  due  to  its  action  in  arresting  secretion,  but  that  it 
has  some  influence  upon  the  leukocytic  processes  or  upon  serum  changes  of 
which  we  are  as  yet  absolutely  in  the  dark. 

A  point  of  very  great  importance  has  been  referred  to  by  Dr.  Edsall,  the 
necessity  of  really  understanding  the  value  of  our  medicinal  and  food  measures 
when  we  introduce  them.  He  has  proved  that  rectal  enemata  of  nutrient  fluids 
are  of  practically  no  value,  and  that  a  salt  solution  would  probably  be  equally 
valuable. 
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Another  point  of  interest  that  I  might  have  mentioned  when  I  was  speaking 
of  atropine,  is  the  employment  of  veratrum  viride  in  puerperal  eclampsia.  I 
have  never  used  it  for  that  puspose,  but  many  physicians  claim  they  get  most 
wonderful  results  from  it.  I  am  just  as  certain  that  it  does  not  cure  by  its  action 
in  slowing  the  heart  or  depressing  the  cord  as  I  can  be,  but  I  cannot  tell  how  it 
does  good.  I  shall  not  be  at  all  surprised  if  we  sometime  learn  that  veratrimi 
viride  influences  metabolic  or  antitoxic  processes  of  which  we  are  now  ignorant. 

There  is  no  doubt  whatever  that  psychotherapy  is  a  most  valuable  factor. 
The  danger  is  in  resorting  to  it  to  the  exclusion  of  other  remedies.  The  paper 
on  the  psychotherapy  of  constipation  seems  to  me  to  illustrate  this.  A  much 
more  rational  course  would  be  to  use  psychotherapy  plus  ordinary  remedial 
measures.  These  may  be  measures  other  than  drugs,  but  occasionally  they  have 
to  be  drugs.  We  are  naturally,  I  think,  too  much  given  in  the  profession  to 
run  after  new  things  and  to  exclude  old  ones. 

In  connection  with  this  matter  I  might  mention  an  interesting  and  amusing 
illustration  which  occurred  in  my  own  practice  some  time  ago  in  connection  with 
a  distinguished  member  of  this  body  who  is  celebrated  for  his  faith  in  psycho- 
therapy. As  I  entered  the  hospital  one  day  I  overheard  him  say  to  a  nurse, 
"  Xow,  the  woman  you  are  about  to  take  charge  of  is  a  woman  who  has  had  her 
nerves  very  much  frayed  by  a  pee\'ish  old  husband.  She  is  to  have  faradic 
electricity  from  the  soles  of  her  feet  to  the  top  of  her  head.  Have  the  battery 
make  a  great  deal  of  noise,  but  give  her  very  Httle  electricity." 

Dr.  F.  C.  Shattuck:  In  connection  with  the  treatment  of  constipation 
l)y  psychotherapy,  an  interesting  case  comes  to  my  mind.  A  young  girl  of  about 
sixteen  had  been  constipated  for  a  long  time  and  been  treated  by  half  a  dozen 
doctors  without  success.  One  of  them,  an  expert,  had  tried  hypnotism,  even 
bringing  some  people  to  the  house  and  hypnotizing  them  before  her.  Not  even 
thus  could  he  influence  her. 

I  had  no  better  success  than  my  predecessors,  and  welcomed  the  suggestion 
from  her  mother  that  she  try  the  mind  cure.  After  one  interAiew  the  bowels 
acted  daily  and  normally.  After  about  six  months  she  relapsed  and  tried  the  mind 
cure  again,  but  this  time  without  avail.  I  then  again  tried  my  hand,  and  had 
to  give  very  large  doses  of  laxatives  to  secure  any  result.  Finally  she  got  well 
herself. 

Dr.  M.  J.  RosEXAU:  I  am  very  much  interested  in  the  treatment  of  s^Tiip- 
toms  and  the  saving  of  life  by  drugs  or  certain  other  measures.  But  one  instance 
of  the  power  of  drugs  has  been  mentioned  today  which,  perhaps,  is  not  exactly 
as  stated,  namely,  that  it  is  possible  to  save  life  from  the  results  of  anaphylaxis 
by  the  use  of  ether.  In  the  experiments  which  Dr.  Anderson  and  myself  have 
made  in  the  Hygienic  Laboratory  we  have  found  that  ether  has  not  this  power, 
and  that  the  guinea-pigs  used  in  the  experiments  died  anyhow. 
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The  case  here  recorded,  though  still  an  unsolved  diagnostic  prob- 
lem, seems  from  two  standpoints  of  sufficient  interest  to  justify 
publication:  (1)  As  presenting  a  clinical  syndrome  unique  in  our 
experience;  (2)  as  affording  an  unusual  opportunity  for  the  study 
of  certain  features  of  the  nitrogen  metabolism  in  fever  of  short 
duration. 

Clinical  History.  The  patient,  a  Jewish  school  girl,  aged  sixteen  years,  without 
special  neurotic  inheritance,  was  referred  tome  bv  Dr.  Halpert,'of  Scranton,  Pa. 
She  had  had  measles  and  diphtheria,  but  no  other  illnesses.  All  her  life  she  had 
suffered  from  recurring  attacks  of  a  peculiar  nature,  the  description  of  which, 
by  her  family,  tallied  exactly  with  those  we  subsequently  observed.  The  mother 
claimed  to  have  noted  the  first  attack  when  she  was  two  weeks  old.  In  earlier 
life  the  frequency  was  about  once  a  month,  the  longest  interval  of  freedom  ten 
weeks.  For  a  year  attacks  had  come  weekly;  for  three  months,  every  Friday, 
with  absolute  periodicity.  We  had  her  under  observation  from  November  6  to 
December  2,  1907,  and  from  April  7  to  May  5, 1908,  with  a  careful  record  of  the 
intervening  period.  In  the  six  months  there  were  fourteen  attacks,  five  severe, 
and  nine  mild. 

The  attacks  exhibit  three  stages: 

1.  Prodromal  Period.  Uneasiness,  loss  of  appetite,  and  epigastric  or  abdomi- 
nal discomfort,  la  sting  four  to  twelve  hours.  This  stage  is  occasionally  protracted, 
and  may  pass  off  without  an  attack. 

2.  Crescendo  Period.  Rapid  increase  in  all  symptoms;  prostration,  pain, 
fever,  tachycardia,  and  polynuclear  leukocytosis.     The  pain  is  chiefly  abdominal 
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and  is  colicky,  but  may  also  be  referred  to  one  or  the  other  shoulder  or  hip, 
even  to  the  feet.  Occasionally  there  is  headache.  There  is  abdominal  rigidity 
and  tenderness,  the  latter  varying  in  localization,  but  situated  usually  to  one  side 
of  the  umbilicus.  Maximum  temperature  noted,  104°;  pulse,  140;  leukocytes, 
28,800.  There  is  complete  anorexia  and  marked  salivation;  in  severe  attacks 
constant  nausea  and  retching,  with  vomiting  once  or  twice  at  the  height  of  the 
attack.  Vomitus  consists  of  the  previous  meal  with  mucus  and  free  HCl.  In 
milder  attacks  vomiting  does  not  occur.  Duration  of  this  stage  is  eight  to  six- 
teen hours. 

3.  Period  of  Recovery.  Rapid  subsidence  of  all  symptoms;  pain  first,  then 
fever;  rapid  pulse  and  leukocytosis  last.  Within  twelve  hours  the  temperature 
reaches  normal,  she  feels  well  and  has  a  voracious  appetite.  Loss  of  weight  in  a 
severe  attack  four  to  five  pounds,  regained  within  a  few  days.  Polynuclear 
leukopenia  immediately  follows  the  attacks,  counts  as  low  as  30  per  cent,  of 
polynuclear  cells  in  a  total  count  of  9600,  and  of  3G  per  cent,  in  6900,  having  been 
recorded. 

The  severe  attacks  are  characterized  by  the  seeming  intensity  of  the  abdominal 
pain,  great  prostration  and  restlessness,  constant  straining  and  retching,  and  a  very 
rapid  pulse.  The  fever,  while  usually  highest  in  the  severe  attacks,  has  borne  no 
constant  relation  to  the  other  sjTnptoms.  Abdominal  rigidity  and  tenderness  are 
sometimes  as  extreme  as  in  general  peritonitis,  but  the  location  of  the  maximum 
tenderness  is  variable.  At  no  time  has  much  tenderness  been  noted  at  McBur- 
ney's  point.  Dr.  Brewer,  who  saw  her  in  one  attack,  ^\'ith  reference  to  explora- 
tory laparotomy,  could  find  no  definite  localizing  phenomena. 

One  striking  feature  of  the  attacks  has  been  the  invariable  complaint  of  great 
pain  in  some  other  portion  of  the  body,  usually  one  or  the  other  shoulder  or  hip. 

Salivation  is  a  regular  accompaniment  of  the  attacks,  and  the  saliva  is  quite 
strongly  acid.  The  tongue  is  heavily  coated  and  breath  heavy,  but  never  the 
so-called  acetone  breath.  The  vomitus  was  examined  in  three  paroxysms.  In 
one  it  was  merely  bile-stained  fluid  with  mucus,  and  contained  no  free  HCl. 
In  the  other  two  it  was  the  remains  of  previous  meals  and  showed  a  considerable 
free  HCl  content,  20  and  22,  respectively,  in  a  total  acidity  of  60  and  84. 

The  urine  has  been  somewhat  reduced  in  quantity  during  the  attacks,  but  never 
deposited  urates  or  other  crystals.  After  the  two  severest  attacks  it  showed  a 
mere  trace  of  albumin,  without  casts.  There  has  never  been  sugar.  [Marked 
indicanuria  occurred  at  times  during  the  second  period  of  observation,  especially 
accompanying  the  attacks.  The  behavior  of  the  acetone  bodies  was  instructive. 
During  the  autumn,  while  she  was  on  a  quantitative  diet,  which  was  forced  as 
much  as  possible  during  the  attacks,  no  Gerhardt  reaction  ever  appeared  in  the 
urine.  There  was  an  occasional  Legal  reaction,  unassociated  with  the  paroxysms. 
In  the  second  period  the  patient  was  not  required  to  resume  food  after  the  attack 
until  she  wished  it,  and  usually  took  practically  nothing  for  two  days.  During 
these  attacks  diacetic  acid  developed  in  considerable  amount,  disappearing  a 
few  days  later.    The  acidosis  she  exhibited,  therefore,  was  mainly  due  to  carbo- 
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livdratc  starvation,  though  apparently  not  wholly  explained  by  this  factor,  as 
will  be  seen  from  its  incidence  on  the  charts.  One  of  us  has  observed  a  severe 
case  of  recurrent  vomiting  persisting  into  adult  life,  in  which  the  acidosis  was 
distinctly  an  inanition  phenomenon,  secondary  to  the  attacks.  We  believe  that 
too  little  attention  has  been  paid  to  the  factor  of  carbodydrate  starvation  in 
the  reports  of  recurrent  vomiting,  which  have  made  acetonemia  so  important  a 
feature  of  the  underlying  metabolic  disorder. 

Physical  examination  during  the  intervals  showed  only  a  persistently  coated 
tongue,  rather  copious  saliva,  moderate  secondary  anemia,  and  slight  hyperchlor- 
hydria.  The  girl  weighed  from  100  to  105  pounds.  Heart,  lungs,  liver,  spleen, 
and  kidneys  showed  no  abnormality.  The  abdomen  was  soft  and  painless.  The 
stomach,  on  inflation,  extended  from  two  inches  below  the  ensiform  to  one  inch 
above  the  umbilicus;  its  capacity  was  1000  c.c.  The  fasting  contents  in  the 
morning  were  40  c.c.  of  bile-tinged  fluid,  with  a  total  acidity  of  55;  free  HCl, 
1 5  equal  0.05  per  cent.  After  an  Ewald  test  breakfast  1 40  c.c.  were  obtained,  with 
only  moderate  admixed  mucus.  Total  acidity  was  82;  free  HCl,  58  equal 
0.21  per  cent.  There  was  no  lactic  acid.  Starch  conversion  was  very  slight. 
The  bowels  moved  regularly,  and  the  stools  were  normal.  Blood  examination, 
November  6,  showed  hemoglobin,  75  per  cent.;  red  cells,  5,368  000;  white  cells, 
8800;  polynuclear  neutrophiles,  50  per  cent.;  polynuclear  eosinophiles,  2  per 
cent.;  small  lymphocytes,  42  per  cent.;  large  lymphocytes,  5.5  per  cent.;  mast 
cells,  0.5  per  cent. 

Her  pupils  were  moderately  dilated  and  reacted  promptly  to  light.  The  knee- 
jerks  were  readily  obtained  with  .Jendrassik  reinforcement. 

Xo  treatment  has  had  a  definite  influence,  either  on  the  attacks  or  in  dimin- 
ishing their  frecjuency.  Previous  to  our  study,  the  patient  had  been  treated  by  a 
well-known  neurologist,  apparently  as  a  psychoneurotic.  She  had,  at  another 
time,  tried  daily  lavage  of  the  stomach  for  many  weeks.  We  were  unable  to 
abort  the  attacks  by  lavage  of  the  stomach,  by  free  purgation,  or  by  alkalies  in 
large  doses.  For  a  time  the  continued  use  of  the  latter,  with  iron  and  tonics, 
seemed  to  benefit  her;  but  the  attacks  again  recurred.  \Miile  on  a  diet  of  milk, 
eggs,  rice,  bread,  and  butter,  of  2350  calories,  they  were  more  frequent.  The 
strong  suggestion  that  we  were  curing  her  had  no  therapeutic  efficacy. 

Diagnostic  Possibilities.  At  the  end  of  six  months'  observation 
we  are  unable  to  bring  forward  any  direct  evidence  as  to  the  causation 
or  the  real  nature  of  the  attacks,  which  continue  to  seriously  interfere 
with  the  normal  life  and  comfort  of  this  patient,  though  she  enjoys 
reasonable  health  between  them.  AVe  have  been  unable  to  find  a 
similar  syndrome  described  in  the  literature,  though  a  careful 
search  is  almost  out  of  the  question,  since  one  must  be  in  doubt 
under  what  index  classification  it  might  be  hidden.    There  remains, 
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then,  only  the  unsatisfactory  method  of  reasoning  from  analogy,  in 
assigning  such  a  case  to  even  a  general  category.  The  diagnostic 
possibilities  seem  to  us  to  group  themselves  under  three  heads : 

1.  A  recurring  infectious  syndrome,  due  to  a  persistent  inflam- 
matory focus,  with  occasional  absorption  phenomena.  The  inter- 
mittent fever  of  biliary  obstruction  is  the  best  analogue  of  this  type. 
Recurring  appendicitis,  and  the  exacerbations  of  fever  so  often  seen 
in  connection  with  old  tuberculous  sinuses,  are  common  examples. 

2.  A  recurring  toxemic  syndrome,,  allied  with  such  definite,  but 
still  unexplained,  conditions  as  gout,  recurrent  vomiting,  or  perhaps 
migraine. 

3.  A  recurring  nervous  crisis.  The  gastric  crises  of  tabes  have 
many  features  in  common  with  our  patient's  attacks.  Epilepsy  is 
the  standing  witness  to  our  inability  to  penetrate  beneath  the  surface 
of  a  paroxysmal  affection  of  every-day  occurrence  and  prehistoric 
origin.  Possibly  migraine  should  be  placed  in  this  category.  Recur- 
rent vomiting  we  are  unwilling  to  consider  a  neurosis,  though 
FischP  inclines  to  the  view  that  it  is  of  hysterical  nature.  Few 
Americans,  we  take  it,  will  agree  with  him.  We  must  admit,  however, 
that  no  sharp  dividing  line  can  be  drawn  between  conceptions  based 
on  so  little  known  fact,  as  is  the  case  with  our  soidisant  neuroses  and 
toxemias;  neither  can  we  yet  discriminate  between  the  infections 
or  the  metabolic  origin  of  the  poison  at  work  in  such  a  recurring 
affection  as  Henoch's  purpura. 

Our  personal  leaning  is  toward  considering  the  syndrome  a 
toxemic  one,  of  endogenous  origin.  The  strongest  argument  in 
favor  of  its  being  due  to  an  undiscovered  focus  of  infection  is  the 
leukocytosis ;  but  we  know  that  aseptic  wound  fever,  and  even  acute 
uremia,  the  latter  certainly  a  toxemia,  may  produce  a  marked  leu- 
kocyte increase.  We  wish  to  call  special  attention  to  the  failure  of 
practically  all  observers  to  report  blood  counts  in  cases  of  recurrent 
vomiting.  We  have  been  able  to  find  but  a  single  count,  10,000  in  a 
child,  aged  nine  years.^  A  knowledge  of  the  behavior  of  the  white 
blood  cells  in  this  affection  would  be  of  service  in  deciding  whether 

c) 

1  R.  Pfaundler  u.  Schlossmann's  Handbuch  der  Kinderheilkunde,  Leipzig,  1906,  Band  ii, 
p.  164. 

^  Capito,  Centralbl.  f.  in.  Med.,  1907,  xxviii,  p.  1019. 
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the  syndrome  we  have  described,  which  presents  many  points  of 
similarity  with  certain  cases  of  recurrent  vomiting,  may  fairly  be 
considered  an  allied  affection. 

It  seems  most  unlikely  that  any  inflammatory  focus  could  continue 
for  so  many  years  to  produce  exactly  similar  attacks  without  leading 
to  more  serious  consequences,  or  giving  other  evidences  of  its  exist- 
ence. It  is  perhaps  conceivable  that  a  pancreatic  calculus,  nearly 
blocking  a  small  branch  of  the  duct  of  Wirsung,  might  give  rise  to 
such  intermittent  symptoms,  but  it  seems  highly  improbable. 

As  for  the  ubiquitous  diagnosis  for  all  unexplained  crises,  hysteria,, 
we  think  that  scarcely  warrants  serious  consideration.  Hysterical 
pain  is  common;  hysterical  fever  may  exist;  hysterical  leukocytosis- 
seems  out  of  the  question. 


THE   NITROGEN   METABOLISM,    WITH   ESPECIAL   REFERENCE   TO 
URIC   ACID    AND    CREATININ. 

A  study  of  the  urinary  nitrogen,  during  the  two  periods  of  obser- 
vation, was  made  by  Dr.  Mosenthal,  in  the  Laboratory  of  Biological 
Chemistry,  Columbia  University,  at  the  College  of  Physicians  and 
Surgeons,  and  we  desire  to  express  our  appreciation  of  the  help  thus 
afforded  us  by  Professor  Gies. 

During  both  periods  the  total  nitrogen  was  determined  by 
Kjeldahl's,  urea  and  ammonia  by  Folin's,  and  uric  acid  by  the  Folin- 
Hopkins  method.  During  the  second  period  creatinin  w^as  also 
estimated  by  Folin's  method  with  the  Du  Boscq  colorimeter,  acetone 
being  first  removed  by  precipitation  with  an  alkalinized  iodine 
solution,  the  urines  which  did  not  give  an  acetone  reaction  being 
treated  in  an  exactly  similar  manner.  All  analyses  were  made  in 
duplicate,  and  repeated  where  any  suspicion  of  inaccuracy  seemed 
justified. 

During  the  first  period  the  diet  was  the  ordinary  mixed  diet  of  the 
patient  until  November  13,  after  W'hich  she  took  a  purin  free  diet  of 
1^  quarts  of  milk,  5  eggs,  6  ounces  of  bread,  2  ounces  of  butter,  and 
J  pound  cooked  rice,  yielding  2350  calories.  As  this  became  very 
distasteful,  during  the  second  period  a  larger  variety  of  purin  and 
creatin  free  foods  was  allowed  in  addition,  such  as  hominy,  oatmeal, 
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macaroni,  cheese,  apples,  oranges,  and  desserts  made  from  milk, 
eggs,  and  sugar;  and  the  quantities  recorded.  This  diet  was  begun 
two  days  before  the  first  observation,  and,  except  for  the  test  beef 
days  noted,  was  continued  until  the  end  of  the  period.  During 
attacks  only  a  few  ounces  of  milk  were  taken,  and  the  vomiting  in 
some  made  any  attempt  at  a  true  nitrogen  balance  impossible,  so 
that  the  nitrogen  of  the  feces  was  not  estimated. 

The  results  are  given  in  tabular  form,  and  the  relation  of  the  uric 
acid  and  creatinin  output  to  the  attacks  is  also  shown  strikingly 
on  the  charts. 

The  total  nitrogen  throughout  tended  to  be  low,  especially  during 
the  first  period  before  she  was  put  on  a  quantitative  diet.  Associated 
with  this  were  low  figures  for  urea  and  rather  high  for  ammonia, 
corresponding  with  Folin's^  findings  in  normal  persons  on  diets 
poor  in  nitrogen.  During  the  second  period  the  nitrogen  averaged 
higher,  the  urea  nitrogen  seldom  below  85  per  cent.,  but  the  ammonia 
nitrogen  still  a  trifle  high,  usually  above  6  per  cent.  We  are  unwilling 
to  attach  any  significance,  however,  to  these  small  differences. 

A  sharp  nitrogen  loss  accompanied  the  attacks,  as  would  be 
expected,  the  largest  deficit  noted  having  been  on  April  8,  9.5  grams. 
After  this  there  was  a  steady  nitrogen  retention  until  April  27,  then 
two  days  near  equilibrium,  then  a  marked  loss  again  for  four  days. 
The  greatest  gain  was  on  the  two  beef  days,  about  6  grams  each 
day. 

The  main  interest  centres  in  the  uric  acid  and  creatinin  figures. 
Both,  as  will  be  seen  at  a  glance,  rose  sharply  with  the  attacks.  The 
uric  acid,  in  addition,  throughout  the  whole  study,  showed  wide 
variations  for  endogenous  excretion;  in  fact,  as  wide  as  Kaufmann 
and  Mohr,^  and  von  Xoorden,^  describe  in  the  subjects  of  true  gout. 
A  moderate  fall  in  the  uric  acid  output  also  seemed  to  precede  the 
attacks. 

For  this  reason  a  test  of  the  patient's  tolerance  for  exogenous 
purins  was  made  April  20  and  21,  by  the  addition  of  scraped  beef 
to  her  diet,  580  grams  being  eaten  during  the  two  days.*     The 

1  American  Journal  of  Physiology,  190.5,  xiii,  p.  66. 

2  Deutsch.  Arch.  f.  klin.  Med.,  1902,  Ixiv,  p.  586. 

'  Handbuch  der  Pathol,  des  Stoffwechsels,  2te  Aufl.,  1907,  Band  ii,  p.  153. 
*  Berl.  klin.  Wochenschr.,  1905,  p.  1297. 
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excretion  of  both  the  uric  acid  and  the  creatin  as  creatinin  was 
prompt  and  complete.  The  beef  fed  represented  1.05  gram  purin 
nitrogen.  According  to  Burrian  and  Schur/  50  per  cent,  of  this 
should  appear  in  the  urine.  Taking  the  average  of  the  three  previous 
days,  the  extra  uric  acid  nitrogen  eliminated  was  0.82  gram;  cal- 
culating from  the  three  subsequent  days,  0.56  gram;  therefore  in 
either  case  above  the  normal  figure.  Tolerance  for  larger  amounts 
of  purins  was  not  tested.  This  patient,  therefore,  whose  uric  acid 
metabolism  closely  approached  what  von  Noorden^  considers  char- 
acteristic of  the  gouty,  uric  acid  retention,  alternating  with  increased 
excretion,  which  is  marked  during  the  acute  attack,  nevertheless 
showed  a  tolerance  for  considerable  amounts  of  exogenous  purins, 
an  example  of  the  complexity  which  the  purin  metabolism  exliibits. 

We  regret  that  it  was  impossible  to  follow  the  purin  bases,  since 
MandeP  has  reported  a  very  interesting  parallelism  between  them 
and  the  temperature  in  aseptic  wound  fever.  In  his  cases  the  uric 
acid  exhibited  an  inverse  relation,  declining  sharply  during  the 
fever,  the  opposite  of  its  behavior  in  our  case.  Increase  of  uric  acid 
following  artificial  fever  has  been  observed  by  Linser  and  Schmid.* 

The  creatinin  elimination,  between  the  paroxysms,  showed  the 
same  constancy  and  independence  of  the  total  nitrogen  elimination 
which,  since  the  work  of  Folin,^  and  of  Van  Hoogenhuyze  and 
Verploegh,^  we  have  learned  is  characteristic  of  it.  The  daily  quan- 
tity excreted  was  a  little  below  the  figure  given  by  Folin^  for  moder- 
ately corpulent  persons,  20  mg.  per  kilo,  but  corresponded  with 
Closson's*  lower  figure  of  17  mg. 

The  only  variations  from  this  normal  level  were  produced  by  the 
attacks,  and  by  the  ingestion  of  meat,  April  20  and  21.  It  is  of  interest 
to  note  that  the  increase  in  creatinin  output  during  the  two  attacks, 
and  after  580  grams  of  beef,  was  nearly  identical.  As  the  loss  of 
weight  during  an  attack  was  about  2  kilos,  and  of  nitrogen  9  or  10 
grams,  it  seems  probable  that  this  increase  in  urinary  creatinin  was 

1  Ztsch.  f.  phys.  Chem.,  1897,  xxxii,  p.  55.  '  Handbuch.,Bandii,p.  161. 

'  American  Journal  f>f  physiology,  1904,  vii,  p.  452. 
*  Deutsch.  Arch.  f.  klin.  Med.,  1904,  Ixxix,  p.  514. 

'American  Journal  of  Phy.siology,  1905,  xiii,  p.  84;  also  Hammarsten's  Festschrift,  1906, 
article  3,  '  'Upsala  Lakareforenings  Forhandlingar,"  1906,  xi.      Supplement. 
6  Zeitschr.  f.  physiol.  Chem.,  1905,  xlvi,  p.  415.  '  Ibid. 

'  American  Journal  of  Physiology,  1906,  x^^,  p.  254. 
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due  to  destruction  of  muscle  tissue  during  the  attack.  The  rather 
close  correspondence  of  the  uric  acid  rise  seems  to  us  a  further 
argument  for  this  view.  That  creatinin  elimination  increases  during 
fever,  has,  of  course,  been  long  known. ^  This  seems  to  be  the  only 
clearly  demonstrated  exception  to  the  rule  that  the  endogenous 
creatinin  excretion  is  a  constant  for  each  individual. 

The  results  of  our  study  of  the  metabolism  in  this  patient,  while 
of  interest  from  a  theoretical  standpoint,  have  shed  no  light  on  the 
actual  causation  of  her  attacks.  The  only  careful  study  of  the  metab- 
olism during  recurrent  vomiting  is  that  of  Rowland  and  Richards." 
Their  findings  for  uric  acid  corresponded  exactly  with  ours,  viz., 
a  marked  rise  following  the  attack,  with  subsequent  fall  to  normal. 
They  were  unable  to  make  any  observations  in  the  period  preceding 
an  attack.  They  interpret  their  figures,  however,  as  evidence  of 
diminished  oxidation  of  uric  acid,  and  adduce  figures  for  the  sulphur 
metabolism  in  support  of  this.  Upon  this  they  build  a  theory  of 
diminished  activity  of  the  oxidizing  ferments  as  the  primary  cause 
of  the  syndrome  of  recurrent  vomiting,  acting  through  an  increase 
in  the  toxicity  of  such  substances  as  indol.  For  this  they  offer  experi- 
mental proof  that  the  toxicity  of  indol  increases  greatly  when  admin- 
istered to  dogs  poisoned  with  potassium  cyanide,  which  diminishes 
oxidation. 

The  combination,  in  our  case,  of  increased  uric  acid  and  creatinin 
elimination,  and  nitrogen  and  weight  loss,  points  rather  more  strongly 
to  increased  oxidation.  It  is  unfortunate,  in  both  cases,  that  accurate 
determinations  of  the  purin  bases  were  not  made,  since  an  increased 
conversion  of  these  into  uric  acid  would  equally  explain  increased 
excretion  of  the  latter. 

It  seems  to  us  most  desirable  that  cases  of  recurrent  vomiting  and 
other  probable  metabolic  disorders,  as  well  as  the  shorter  fevers, 
should  be  subjected  to  careful  chemical  investigation  on  standard 
diets  of  different  types,  with  reference  to  the  special  endogenous 
metabolism.  Most  of  such  work  in  the  past  has  considered  only  the 
nitrogen  and  energv  balances. 

1  Von  Noorden's  Handbuch,  Band  i,  p.  599. 
"  Archives  of  Pediatrics,  1907,  xxiv,  p.  401. 
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DISCUSSION. 


Dr.  E.  p.  Joslix:  A  complete  analogue  of  Dr.  Janeway's  case  has  recently 
come  to  my  attention.  She  was  nursery  maid  in  a  surgeon's  family,  and  on 
account  of  these  attacks  was  operated  upon  for  movable  kidney  some  six  months 
before  I  saw  her,  but  without  relief.  A  recent  attack  was  accompanied  by 
vomiting,  fever,  general  pains,  and  nervous  s^Tnptoms,  it  is  true,  but  there  was  a 
leukocytosis  of  18,000.  Two  days  later  a  differential  blood  count  of  200  white 
blood  corpuscles  showed  neutrophiles.  So  per  cent.;  basophiles,  15  per  cent.  The 
red  corpuscles  were  normal  and  the  blood  plates  were  fairly  numerous.  The 
patient  since  then  has  had  two  attacks,  and  is  now  at  the  House  of  the  Good 
Samaritan  for  observation. 

Dr.  Walter  B.  James  :  I  have  seen  a  case  very  similar  to  that  of  Dr. 
Janeway  ^nithin  the  past  few  weeks,  but  upon  only  one  occasion.  The  case 
was  under  the  care  of  very  competent  observers,  a  young  Jewish  girl  of  sixteen, 
who,  with  the  first  onset  of  her  menstrual  period,  began  to  have  attacks  very 
similar  to  those  that  Dr.  Janeway  has  described.  There  were  periods  of  inter- 
mission and  of  fairly  good  health  between  the  attacks.  \Mien  I  saw  her  there 
was  considerable  acetone  in  the  urine,  no  sugar,  no  physical  signs  of  any 
organic  disease.  As  far  as  I  know  the  number  of  leukocytes  had  not  been 
determined. 

A\Tien  I  saw  her  she  was  in  a  state  of  partial  stupor,  but  could  easily  be 
aroused,  and  in  three  days  I  learned  that  she  passed  into  complete  coma  and 
died.     There  was  no  autopsy. 

I  was  unable  to  make  a  positive  diagnosis,  but  I  am  inclined  to  regard  the  case 
as  of  the  same  general  type  as  Dr.  Janeway's,  and  I  mention  it  in  this  connection, 
as  it  suggests  the  possibility  that  these  endotoxemias  of  unknown  origin  with 
acidosis  may  go  on  to  a  fatal  termination. 

Dr.  David  L.  Eds.u.l:  I  have  under  observation  at  this  time  a  trained 
nurse,  who  has  had  attacks  for  the  past  ten  years,  increasing  in  severity,  and 
some  of  them  very  severe.  I  have  learned  nothing  new  from  her  condition, 
but  I  have  not  studied  her  metabolism  as  Dr.  Janeway  has  in  his  case.  She 
seems  to  have  some  acid  intoxication.  I  ehminated  fats  from  her  diet,  not  with 
the  idea  that  it  was  an  ordinary  case  of  acid  intoxication,  and  I  do  not  know 
whether  the  result  will  be  permanent  or  not,  but  for  the  past  year  she  has  been 
perfectly  free  from  attacks,  while  jjreviously  she  had  been  having  them  every 
one  or  two  months. 

Dr.  T.  C.  Jaxeway:  I  understand  from  Dr.  Edsall — a  point  wliich  he  did 
not  mention — that  the  patient  he  speaks  of  had  had  an  appendectomy,  or  an 
exploratory  laparotomy. 
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Dr.  Edsall:  She  had  had  an  exploratory  laparotomy,  but  the  symptoms 
were  the  same  before  operation  as  they  were  afterward. 

Dr.  Jaxeway:  The  question  which  came  up  in  his  case  was  the  necessity 
for  an  exploratory  laparotomy;  and  an  important  point  in  my  case  is  the  occur- 
rence of  this  marked  leukocytosis,  with  abdominal  rigidity,  tenderness,  etc., 
which  in  the  hands  of  many  men  would,  without  any  cjuestion,  meet  with  imme- 
diate laparotomy. 

I  am  particularly  anxious  to  know  whether  cases  of  recurrent  vomiting  are 
ever  accompanied  by  leukocjiosis.  I  am  unable  to  find  in  the  literature  cases 
with  such  counts. 


NON-FATAL   COMA   IN   THP:    COURSE    OF   DIABETES. 


By  C.  X.  B.  CAMAC,  M.D. 

NEW    YORK. 


The  case  of  diabetes  here  reported  was  observed  clinically  for  a 
period  of  nine  months.  The  patient  developed  coma,  from  which  she 
recovered,  and  four  months  later  died  in  hemiplegia.  Postmortem 
examination  was  made. 

The  opportunity  to  follow  such  a  sequence  of  events  being  com- 
paratively uncommon,  the  report  is  thought  to  be  of  sufficient 
interest  to  add  to  the  records  now  accumulating  with  regard  to  coma 
in  diabetes  as  well  as  coma  in  general. 

I.  Report  of  the  Ca,se  up  to  the  Development  of  the  Coma  (In  Brief). 

Woman,  aged  forty-eight  years,  admitted  to  the  City  Hospital  February  27, 
1907.    Complaint,  nausea. 

Past  History.    Syphilis,  when  contracted  doubtful. 

Syynptoms  and  Signs.  Patient  is  of  feeble  mentality;  talkative.  There  is 
considerable  thirst,  large  appetite,  and  other  symptoms  of  diabetes,  which  would 
seem  to  have  existed  for  about  two  years.  Moderate  degree  of  general  arterio- 
sclerosis. 

Chart  I  presents  the  urine  findings  up  to  the  time  the  coma  developed. 

II.  Report  of  the  Coma. 

For  the  first  two  and  one-half  months  after  the  patient  was  admitted  a  detail 
examination  of  the  urine  was  recorded  (see  Chart  I).  This  was  then  discon- 
tinued until  June  3,  when  the  House  Physician  reported  that  the  patient  had 
recently  become  irritable,  had  refused  to  save  the  urine,  had  had  considerable 
diarrhea,  which  had  resisted  ordinary  remedies.  For  several  days  past  (June 
3)  she  had  complained  of  weakness  and  muscular  pain,  especially  in  the  back. 
She  frequently  fell  asleep  in  her  chair.     There  was  some  incontinence  of  urine 
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and  feces  (diarrhea)  at  these  times.  On  the  day  previous  (June  2)  she  had 
slept  in  her  chair  the  greater  part  of  the  day,  but  would  arouse  as  persons 
approached,  and  remain  awake  while  they  conversed  with  her.  On  June  4  the 
drowsiness  markedly  increased;  she  responded  only  when  shaken,  and  then 
complained  in  a  heavy  manner  of  general  pain,  and  quickly  lapsed  into  her 
former  condition.  There  was  incontinence  of  urine  and  feces.  The  breathing 
was  audible,  like  that  of  one  in  deep  sleep.  It  was  never  labored  or  irregular, 
i.  €.,  no  dyspnea  (Kussmaul)  observed.  June  5,  patient  cannot  be  aroused. 
Alkaline  treatment  instituted  on  this  date,  as  follows:  Milk  diet;  bicarbonate  of 
soda,  gr.  xxx  (2  grams)  by  mouth  every  hour;  saline  enemata,  one  pint  (500  c.c.) 
every  six  hours;  hypodermoclysis  (saline),  one  pint  (500  c.c.)  twice  daily.  If  the 
urine  remained  acid  to  litmus  or  the  patient's  condition  did  not  improve,  bicar- 
bonate of  soda  was  to  be  administered  subcutaneously  and  intravenously.  If  an 
alkaline  reaction  of  the  urine  appeared,  the  quantity  of  bicarbonate  of  soda  was 
to  be  reduced. 

Chart  II  presents  the  urine  findings  during  the  coma. 

It  will  be  observed  in  this  table  that  during  the  coma  the  specific  gravity  fell ; 
the  volume  for  twenty-four  hours  was  about  the  same  as  that  before  the  coma; 
the  reaction  was  acid  until  June  8;  the  sugar  was  much  reduced;  acetone  and 
diac^tic  acid  were  present  in  small  quantity  and  /3-oxybutyrie  was  absent;  the 
ammonia  was  low;  indican  was  not  increased  and  there  was  a  moderate  amount 
of  albumin  and  occasional  casts.  With  the  clearing  of  the  coma  the  diacetic 
acid  and  acetone  disappeared  (in  this  order),  the  amount  of  sugar  and  the  specific 
gravity  increased.  The  urine  remained  acid  to  phenolphthalein,  but  on  June 
8  was  alkaline  to  litmus.  This,  together  with  the  lessening  of  the  coma,  contra- 
indicated  an  increase  in  the  amount  of  alkali  to  be  administered.  About  2070 
grains  (150  grams)  had  been  given  in  three  days,  in  addition  to  saline  enemata 
and  hypodermoclysis.  If  an  acidosis  of  any  severity  were  present  in  this  case,  it 
is  evident  that  the  amount  of  alkaUne  administered  was  insufficient  to  counteract 
it.  The  alkalizing  of  the  urine,  however,  indicated  that  sufficient  alkali  had  been 
administered  to  overcome  such  acidosis  as  was  present.  The  importance  of  this, 
as  a  diagnostic  point,  will  be  referred  to  again. 

The  blood  pressure  was  as  follows : 

Record  of  maximum  and  minimum  blood  pi-essure  for  eight  months :  February 
and  March,  140  to  220  mm.;  April,  130  to  210  mm.;  May,  120  to  150  mm.; 
June  (period  of  coma),  see  Chart  III.;  July,  90  to  150  mm.;  August,  150  to 
220  mm.;  September,  150  to  210  mm.;  October  and  November  (period  of 
hemiplegia,  prior  to  death),  160  to  240  mm.,  200  constant;  see  Chart  IV. 
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III.  Report  Subsequent  to  the  Coma. 

From  June  15  to  October  24,  1907,  the  patient  showed  no  evidence  of  coma. 
She  remained  well  and  active,  assisting  about  the  ward,  the  mental  condition 
being  such  as  had  been  noted  on  admission.  On  October  24,  1907,  she  again 
lapsed  into  a  drowsy  condition.  Acetone,  which  had  been  present  all  along, 
disappeared  from  the  urine;  diacetic  acid  did  not  appear.  The  amount  of  sugar 
remained  the  same.  Albumin  and  casts  continued  to  appear  as  on  previous 
examination,  with  some  increase  in  the  former.  Albuminuric  retinitis  was 
found. 
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Chart  III. — Blood  pressure  chart  during  June,  period  of  corila.    Compare  this  chart  with 
that  for  October  and  November  (Chart  IV). 

The  blood  pressure  at  this  time  will  be  seen  in  Chart  IV. 
On  October  25,  1907,  definite  hemiplegia  developed  and  continued  till  death 
occurred,  November  20,  1907. 


IV.  Autopsy  by  Dr.  Horst  Oertel  {Report  in  Brief). 

Female  body,  about  forty-eight  years  of  age,  170  cm.  long;  long,  slender 
frame,  fair  amount  of  emaciation;  skin,  pale,  clear;  pupils:  left,  oval,  medium 
size;  right,  dilated,  round;  there  is  a  smSll  arcus  senilis. 
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On  opening  the  thorax  the  left  pleural  cavity  is  dry  and  free  from  adhesions; 
the  right  pleural  cavity  is  dry  and  contains  a  few  adhesions  over  the  apex  and  over 
the  lower  lobe  in  the  axilla. 

Heart.  Mitral  valves:  Posterior  valve  cusp  shrunken;  anterior  contains  large, 
irregular  patches,  which  are  yellowish  and  have  wavy  raised  edges.  The  aortic 
valves  are  wrinkled  and  slightly  stiffened  at  their  bases.  The  aorta  above  contains 
numerous  gamboge-yellow  raised  patches.  The  coronaries  are  small,  tortuous, 
and  contain  numerous  deep  yellow  raised  patches.  The  heart  muscle  on  section 
is  brownish  with  yellowish  mottled  areas;  the  muscle  bundles  are  not  distinct; 
in  places  there  are  small  white  areas. 

Left  Lung.  The  lung  is  small,  its  anterior  portions  crepitant,  its  posterior 
portions  bluish,  wet,  edematous.  There  are  a  few  subpleural  calcified  tubercles, 
which  are  surrounded  by  black  anthracotic  areas.  Upper  lobe  is  crepitant,  dry. 
The  pleura  at  apex  negative.  The  lower  lobe  is  firmer,  wet,  and  exudes  a  small 
amount  of  frothy  serum.    The  smaller  bronchi  are  slightly  reddened. 

Right  Lvng.  The  right  lung  is  larger;  the  upper  lobe  contains  a  few  puckered 
pleural  thickenings,  and  on  section  it  is  reddish  and  exudes  on  pressure  frothy 
serum.  Some  of  the  smaller  bronchi  exude  purulent  material,  and  the  lobe 
contains  scattered  areas  which  are  firm,  but  from  which  cut  section  sinks.  The 
middle  lobe  is  crepitant,  emphysematous.  The  lower  lobe  is  dark  red,  and  con- 
tains scattered  areas  of  consolidation,  and  exudes  on  pressure  frothy  serum. 
The  smaller  bronchi,  especially  those  of  the  lower  lobe,  are  bathed  in  mucopuru- 
lent material. 

Spleen.    Negative. 

Left  Kidney.  Weight,  18.5  grams.  The  kidney  is  quite  large,  surrounded  by 
a  small  amount  of  perinephric  fat;  it  measures  13  x  7  x  -l  cm.  The  capsule 
strips  -with  some  difficulty,  leaving  a  finely,  and  in  places  roughly,  granular 
surface.  The  lobulations  are  fairly  well  marked,  and  in  places  contain  whitish 
puckered  scars.  On  section  the  cortex  has  an  average  thickness  of  10  mm.; 
it  is  yellowish  and  greasy;  the  Malpighian  bodies  are  not  at  all  distinct.  The 
medulla  is  reddish  in  color  and  the  line  of  demarcation  well  preserved. 

Right  Kidney.    Weight,  180  grams.    Same  as  left. 

Duodenum.  Small,  with  well-marked  rugse.  The  papilla  is  prominent  and 
exudes  fluid  bile  on  pressure.    Common,  cystic,  and  hepatic  ducts  free. 

Liver.  Weight,  1500  grams.  It  is  a  little  small,  its  surface  is  smooth,  and  con- 
tains mottled  yellowish  areas.  On  section  it  has  a  somewhat  greasy  surface. 
The  centres  of  the  lobules  appear  dark  red  in  color.  The  periphery  of  the 
lobules  is  light  yellow. 

Pancreas.  On  remo\'ing  the  pancreas,  which  is  rather  small,  the  tail  of  the 
organ  not  reaching  the  hilum  of  the  spleen,  the  weight  is  found  to  be  100  grams. 
The  organ  measures  17  cm.  from  head  to  tail.  Its  middle  part  is  5  cm.  broad  and 
3  cm.  thick.    It  is  surrounded  by  very  little  fat. 

On  cut  section,  firm;  the  lobules  are  irregular  in  size,  pinkish,  and  separated 
widely  by  bands  which  have  a  butter-like  consistency.    The  pancreatic  duct  is- 
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apparently  surrounded  by  a  large  amount  of  connective  tissue.  The  splenic 
artery  shows  moderate  atheroma.  The  pancreatic,  common,  and  hepatic  ducts 
and  the  gall-bladder  are  free  from  stones.  Microscopic  section  shows  inter- 
stitial and  marked  interacinar  pancreatitis.  Sclerosis  of  and  dimunition  in  the 
number  of  islands;  great  destruction  of  pancreatic  lobules,  bringing  islands  into 
clumps. 

Brain.  The  brain  is  small,  there  being  apparently  atrophy  of  both  frontal 
lobes.  The  vessels  at  the  base  of  the  brain  are  small,  tortuous,  and  filled  with 
atheromatous  plaques.  On  opening  these  vessels  the  lumen  gaps  and  the  walls 
are  clotted. 

On  section  of  the  brain  a  small  area  of  softening  is  found  in  the  right  inter- 
nal capsule  along  the  motor  tract.  This  area  is  elongated,  being  about  5  mm. 
by  1  cm.  It  is  entirely  limited  to  the  motor  tract.  There  is  also  considerable 
fluid  in  both  lateral  ventricles.  The  brain  substance  around  this  area  is  very 
soft.  In  the  right  pons  is  also  a  small  area  of  softening  about  4  mm.  in  diame- 
ter, well  localized.  Along  the  motor  tracts  the  spinal  cord  grossly  shows  no 
area  of  degeneration.  The  posterior  spinal  vessels  are,  however,  thickened  and 
tortuous. 

Etiology  of  the  Coma.  1.  Acidosis  or  Acid  Intoxication. 
Before  this  Association,  last  year,  Dr.  Folin^  presented  a  review  of 
the  work  done  on  Acid  Intoxication,  and  Dr.  JosHn,^  at  the  same 
meeting,  presented  a  similar  paper  on  Acidosis.  From  these  two 
papers  it  appears  that,  though  for  the  last  fifty  years  much  work  has 
been  done  in  Germany  and  in  this  country  on  the  high  ammonia  con- 
tent and  organic  acids  in  diabetes,  there  is  as  yet  no  clear  knowledge 
of  either  the  source  of  these  acids  or  the  part  they  play  in  the  graver 
stages  of  this  disease.  The  chemical  features,  however,  of  these 
conditions  are  now  well  established,  and  from  the  record  here  given 
it  can  be  stated  definitely  that  neither  existed  in  this  case.  The 
ammonia  remained  unusually  low  throughout  the  coma,  and  the 
diacetic  acid  was  present  in  small  quantity  only;  /3-oxybutyric  did 
not  appear  at  any  time  (see  Charts  I  and  II).  That  it  would  be 
incorrect  to  assume  the  absence  of  acidosis  vipon  this  latter  negative 
finding  alone,  has  been  pointed  out  by  several  authors.  Dr  IvUsk, 
with  Dr.  ]\Iendel,  reported  a  case  in  which  there  was  absolute  intoler- 
ance for  carbodydrates,  and  yet  for  three  weeks  no  /?-oxybutyric 
acid  could  be  detected  in  the  urine,  and  there  was  a  maximum  out- 
put of  but  jQ  gm.  of  acetone  daily.  But  this,  together  with  the  low 
ammonia,   small  total  output  of  urine   in  twenty-four  hours,   and 

1  Trans.  Assoc.  Ameh.  Phys.,  1907,  xxii,  p.  256.  2  ibid.,  p,  246. 
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prompt  alkalizing  of  urine  with  small  amounts  of  alkali,  indicates 
the  absence  of  acidsois  or  acid  intoxication  in  this  case. 

2.  Uremia.  The  urine  showed  nothing  in  regard  to  nephritis, 
which  does  not  occur  in  many  cases  of  diabetes.  Albumin  was  pres- 
ent throughout.  The  great  increase  in  the  characteristic  casts 
described  by  Kiilz^  did  not  occur  at  the  time  of  the  coma,  though 
casts  were  at  all  times  present.  The  most  significant  finding  was  the 
blood  pressure  (see  Charts  III  and  IV).  The  blood  pressure  ran 
moderately  low  during  the  coma,  but  in  the  final  attack,  which  was 
associated  with  hemiplegia,  the  pressure  rose  and  remained  uni- 
formly high  till  death.  Albuminuric  retinitis  showed  definitely 
that  nephritis  was  present.  Autopsy  showed  a  chronic  diffuse 
parenchymatous  nephritis,  which,  though  indicated  by  the  urine  and 
retinitis,  could  not,  from  any  clinical  manifestation,  be  held  account- 
able for  the  coma.  Beyond  the  blood  pressure  changes  and  the 
absence  of  increase  in  albumin  we  must  consider  that  there  were  no 
clinical  signs  by  which  uremia  as  a  cause  of  the  coma  could  be 
included  or  excluded. 

3.  Brain  Softening.  This  patient  showed  from  the  beginning 
mental  weakness.  There  was  a  history  of  syphilis  and  evidences 
of  general  arteriosclerosis.  This  evidence  was  in  hand  at  the  time 
of  the  onset  of  the  coma.  Cases  in  literature  are  not  lacking-  to  show 
the  frequent  association  between  diabetes  and  encephalomalacia. 
Four  weeks  before  death  hemiplegia  developed,  and  definite  evi- 
dence of  this  condition  was  found  postmortem.  At  the  time  of 
coma,  however,  we  had  not  these  facts,  and  the  stupor  was  different 
in  no  way  clinically  from  graver  forms  in  diabetes.  The  mental 
weakness,  the  incontinence  of  urine  and  feces,  together  with  mild 
diabetes  and  absence  of  signs  of  acid  intoxication,  were  important 
facts  pointing  to  the  central  nervous  system.  The  subsequent 
hemiplegia  was  very  significant.  There  is  no  explanation  as  to  how 
coma,  in  such  brain  conditions,  is  produced. 

4.  Disturbed  Proteid  Metabolism.  Though  nitrogen  partition  was 
made  in  this  case,  it  seems  inadvisable  to  attempt  conclusions  from 
one  case.    This  portion  of  the  record  is,  therefore,  omitted. 

1  Domansky  and  Reimann,  Zeitschr.  f.  Heilk.,  1901,  and  Herrick,  Anier.  Jour.  Med.  Sci., 
1900,  vol.  cxx. 

^Frerich,  Ogle,  Dreyfus,  etc.,  cited  by  Naunyn. 


CAMAC:   NON-FATAL   COMA  529 

Alkaline  Treatment.  This,  while  of  no  vahie  therapeutically 
in  the  present  case,  proved  to  be  so  diagnostically.  It  will  be  remem- 
bered that  treatment,  as  recommended  by  Stadelmann  and  followed 
by  Naunyn  and  Magnus  Le\T,  required  100  grams  of  bicarbonate 
of  soda  a  day.  As  high  as  80  grams  have  been  injected  intravenously, 
the  reaction  of  the  urine  being  the  guide  to  the  quantity  to  be  admin- 
istered. In  the  case  here  reported  150  grams  by  mouth  in  three  days 
was  sufficient  to  alkalize  the  urine.  This  was  in  itself  evidence  of 
either  the  absence  of  acid  formation  or,  if  present,  in  quantity  insuffi- 
cient to  account  for  such  grave  clinical  manifestations  as  appeared. 

Conclusions.  From  the  foregoing  evidences  the  case  would 
seem  to  have  been  one  of  syphilitic  arteriosclerosis  (history  of  syphilis, 
presence  of  arterial  thickening,  arcus  senilis,  and  aortic  sclerosis), 
with  involvement  of  the  pancreas,  the  kidney,  and  brain.  The 
sclerotic  changes  in  the  pancreas  (interacinar  pancreatitis)  led  to 
the  diabetes,  that  in  the  kidney  (chronic  parenchymatous  neph- 
ritis) to  the  chronic  nephritis  (albumin,  casts,  and  albuminuric 
retinitis),  and  that  in  the  brain  to  the  softening  with  hemiplegia,  to 
the  feeble  mentality,  and  possibly  to  the  coma. 

At  the  bedside,  when  the  coma  appeared,  the  syphilitic  history, 
the  arteriosclerosis,  the  enfeebled  mentality,  the  mild  grade  of 
diabetes,  the  absence  of  any  increase  in  the  diacetic  acid,  and  the 
non-appearance  of  /3-oxybutyric  acid,  the  low  ammonia,  the  small 
quantity  of  alkali  required  to  alkalize  the  urine,  the  absence  of  any 
increase  in  total  quantity  of  urine  in  twenty-four  hours,  all  seem  to 
be  clinical  features  diiferentiating  this  coma  from  the  graver  forms. 
The  subsequent  hemiplegia  was  very  significant.  The  low  blood 
pressure  and  absence  of  any  increase  in  albumin  and  casts  were 
suggestive,  but  not  positive  signs  by  which  uremia  could  be  excluded. 
The  urine  findings  and  the  small  atnount  of  alkali  required  to  alka- 
lize the  urine  seem  in  themselves  important  guides  in  diagnosis  and 
safeguards  against  false  conclusions  with  regard  to  the  part  played 
by  the  alkaline  treatment. 

The  laboratory  examinations  were  done  in  the  Strecker  Labora- 
tory under  Dr.  Oertel  and  in  the  Cornell  Clinical  Laboratory  under 
Dr.  Hastings.  I  wish  to  thank  Drs.  Woodruff  and  Groeschel,  house 
physicians,  for  their  interest  and  care  in  preparing  the  records. 
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Dr.  Joslin  kindly  reviewed  the  records  with  regard  to  the  question 
of  acidosis,  or  acid  intoxication,  and  his  opinion  is  expressed  in  the 
following  letter: 

"In  my  opinion  the  case  .  .  .  illustrates  coma  simulating  the  coma  of 
acid  intoxication,  and  yet  certainly  has  absolutely  no  connection  with  that  form. 
It  is  essential  for  physicians  to  remember  this  possibiHty,  and  not  to  treat  all  cases 
of  coma  in  diabetes  as  due  to  acid  intoxication.  The  case  is  further  valuable 
because  so  often  in  the  past  cases  of  coma  in  diabetes  have  been  said  to  occur 
without  proving  the  acidosis.  This  case  was  carefully  studied,  acidosis  eliminated, 
and  coma  proved  to  be  of  another  type. 

"The  case  was  evidently  mild  diabetes,  because  the  carbohydrate  balance  was 
prettv  certainly,  from  the  records  given,  positive  rather  than  negative.  For 
example,  the  greatest  quantity  of  sugar  was  84  grams  on  February  27,  and  yet 
evidently  considerable  milk  was  used  at  that  time,  and  the  diet  probably  con- 
tained more  than  this  amount  of  carbohydrates.  Further,  the  case  was  evidently 
mild,  because  there  was  no  diacetic  acid  in  the  urine  during  February,  March, 
April,  and  only  a  very  small  quantity  in  June.  Diacetic  acid  constitutes  only 
about  10  per  cent,  of  the  total  acidosis,  and  acetone  constitutes  only  about  10 
per  cent,  of  the  combined  acetone  and  diacetic  acid.  Consequently  we  are 
absolutely  certain  that  the  acidosis  was  insignificant. 

"For  the  above  reasons  it  is  not  necessary  to  know  more  details  of  the  urine 
during  the  coma,  because  the  analyses  before  and  after  settle  the  severity  of  the 
case.  There  are  a  few  additional  factors  which  help  to  exclude  the  acidosis: 
First,  the  fact  that  the  urine  became  alkaline  on  June  8,  during  the  coma,  while 
the  patient  was  taking  an  insignificant  quantity  of  alkali,  e.  g.,  2  grams  hourly. 
Second,  the  total  quantity  of  urine  at  no  time  exceeded  2000  c.c.  No  case  of 
diabetic  acidosis,  to  my  knowledge,  has  been  reported  without  Nature  making  an 
effort,  by  the  passage  of  large  quantities  of  liquid,  to  wash  out  acids  from  the 
body.  Third,  the  increase  in  the  per  cent,  of  ammonia  was  very  slight,  and 
the  total  quantity  far  too  low  to  enable  one  to  claim  acidosis." 
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Dr.  S.  Solis  Cohex:  The  subject  is  of  great  interest,  and  as  I  have  had 
some  similar  experiences  never  published,  it  may  be  not  inappropriate  to  cite" 
two  of  them.  The  first  occurred  in  my  very  early  practice  in  the  case  of  a  woman 
who  had  had  diabetes  for  fifteen  years  before  coming  under  my  observation,  and 
lived  for  twenty  years  afterward.  Sugar  disappeared  entirely  from  the  urine 
about  five  or  six  years  before  death,  being  replaced  by  albumin.  The  symptoms 
preceding  death,  which  occurred  between  the  time  I  was  summoned  and  the 
time  I  reached  the  house,  appeared  to  point  to  angina  of  the  epigastric  form. 
The  patient  was  of  a  gouty,  long-lived  family,  and  was  seventy-two  years  old 
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at  the  time  of  her  death.  A  brother  died  of  diabetic  gangi-ene  at  eighty-seven, 
having  had  polyuria  without  sugar  for  some  sixty  years  preceding  the  simul- 
taneous development  of  glycosuria  and  gangrene.  When  I  was  summoned  to  see 
the  patient  the  first  time,  she  was  in  a  condition  of  diabetic  coma,  not,  however, 
of  the  Kussmaul  type,  which  had  probably  been  coming  on  gradually  for  two  or 
three  days,  and  we  resorted  at  once  to  the  use  of  strongly  alkaline  solution  by 
rectal  injection,  and,  finally,  by  hypodermoclysis.  Recovery  took  place  with  no 
recurrence.  After  that  care  was  taken  that  the  urine  should  always  be  of  an 
alkaline  reaction,  that  being  the  rule  of  thumb  that  a  patient  can  himself  be 
guided  by.  At  times  large  quantities  of  sodium  bicarbonate  were  needed,  and 
at  times  less  than  1  dram  a  day. 

A  more  recent  case  is  that  of  a  woman  who  is  one  of  three  obese  sisters  who 
were  under  my  care  at  the  same  time  for  diabetes.  Their  mother  died  of  the 
disease,  probably  in  coma,  one  sister  shows  no  glycosuria  now,  except  during 
pregnancies.  The  second  sister  had  had  clinical  symptoms  but  a  short  time 
when  she  consulted  me.  The  sugar  disappeared  under  treatment,  and  she 
returned  to  the  distant  city  in  which  she  lived.  There  she  became  careless  as  to 
diet  and  other  matters,  began  to  lose  flesh  and  strength,  and  a  state  of  prostra- 
tion, which  was  probably  the  forerunner  of  coma,  came  on.  Her  husband  thought- 
lessly put  her  on  the  cars  to  send  her  to  Philadelphia,  and  despite  active  alkaline 
treatment,  she  died  in  Kussmaul  coma  within  twelve  hours  after  her  arrival. 

The  third  sister  had  had  diabetes  for  some  ten  or  twelve  years.  Sugar  has 
never  been  absent  from  her  urine  during  all  that  time,  though  she  retains  her 
strength  and  weight.  My  last  examination,  which  was  made  only  a  few  days  ago, 
showed  2.5  per  cent,  of  sugar,  with  an  excretion  of  2500  c.c.  of  urine.  All  the 
sisters  were  gouty,  and  this  one  has,  according  to  the  symptoms  and  the  a:-rays, 
a  stone  in  the  kidney — probably  uric  acid — which  we  have  not  considered  it 
advisable  to  remove.  In  her  case  symptoms  precursory  of  coma  came  on  grad- 
ually, extending,  I  believe,  over  a  period  of  about  two  weeks  before  she  thought 
it  worth  while  to  send  for  me.  She  had  been  doing  very  well  up  to  within  about 
two  months  of  the  time  this  developed,  but  became  careless  in  her  diet  and  care- 
less with  reference  to  the  alkalinity  of  the  urine.  Her  condition  went  on  grad- 
ually getting  worse  for  two  or  three  days,  and  it  was  impossible  to  alkalinize  the 
urine  by  any  quantity  of  alkali  we  could  give  by  the  mouth  or  rectum.  We  then 
resorted  to  hypodermoclysis,  repeating  it  twice  daily  for  three  or  four  days, 
using  about  12  grams  of  sodium  bicarbonate,  ^  gram  of  calcium  chloride,  and 
sufficient  sodium  chloride  to  make  up  15  grams  to  one-half  liter  of  water.  After 
three  or  four  days  of  this  treatment  the  patient  recovered.  This  was  a  year 
ago  and  she  is  still  living,  apparently  well,  though  excreting  sugar  as  before. 
She  is  careful  to  keep  the  urine  of  alkaline  reaction  by  taking  sodium  bicarbo- 
nate and  mineral  waters. 

In  the  other  cases  there  was  no  exact  study  of  the  acid  metabolism.  In  this 
case,  as  in  the  case  reported  today,  during  the  period  of  coma,  the  ammonium 
content  of  the  urine  was  not  markedly  increased,  but  rapidly  ran  up  after  recovery. 
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The  excretion  of  water  was  much  diminished,  but  increased  after  the  hypoder- 
moch'ses  and  then  ke}5t  up.  It  would  seem  that  there  is  in  some  cases  at  least 
a  retention  of  the  ammoniimi-acid  combination  as  well  as  of  acid  itself,  and  not 
alone  a  relative  failure  of  ammonia  production. 

Dr.  James  Ewixg:  I  had  the  opportunity  of  discussing  this  case  with 
Dr.  Camac  pre\iously.  At  first  there  was  some  little  question  as  to  whether 
he  was  dealing  with  a  pure  diabetes.  I  think  Dr.  Camac  is  right  in  his  assump- 
tion that  this  was  a  case  of  true  diabetic  coma.  The  positive  characters  of 
uremic  coma  were  wanting.  If  he  is  correct  it  has  a  bearing  on  the  general 
question  of  coma  in  dial)etes.  If  we  should  conceive  of  the  usual  coma  in  dia- 
betes robbed  of  its  acid  element,  it  would  be  like  that  of  Dr.  Camac's  case.  If 
that  conclusion  is  correct,  then  I  think  we  must  admit  that  in  the  acid  type  of 
coma,  with  the  Kussmaul  breathing,  we  are  dealing  with  something  else  than 
pure  acid  intoxication. 

Dr.  Theodore  Jaxeway:  Dr.  Ewing's  statement  that  he  believes  this 
can  be  considered  a  case  of  pure  diabetic  coma  is  one  that  I  should  perhaps  like 
to  take  issue  with.  This  woman  was  under  my  care  previous  to  the  period  of 
coma  when  Dr.  Camac  observed  her,  and  again  three  months  later,  in  the  City 
Hospital.  It  impressed  me  as  one  of  those  cases  in  which  it  is  exceedingly 
difficult  to  judge  as  to  whether  the  coma  was  due  to  diabetes,  uremia,  or  a  gross 
cerebral  lesion.  She  had  an  old  hemiplegia  on  admission  to  my  service,  died 
of  subsequent  apoplectic  attack,  and  at  autopsy  areas  of  softening  were  found 
in  the  brain.  There  was  a  marked  nephritis  and  hypertension.  The  coma  was 
of  decidedly  longer  duration  and  more  gradual  in  onset  than  usual  in  diabetic 
coma,  and  was  associated  with  a  very  mild  degree  of  acidosis.  There  was  no 
marked  increase  of  the  ammonia  content,  and  no  ^5-oxybutyric  acid  found. 
Though  the  case  is  one  of  great  interest,  I  do  not  think  it  can  be  called  a  type  of 
coma  due  to  diabetes,  because  of  the  existence  of  other  possible  causative  factors, 
which  caimot  be  eliminated  as  the  real  cause  of  the  coma  at  the  time  it  occurred. 

Dr.  C.  X.  B.  C.AJUAC:  I  would  like  to  thank  Dr.  Ewing  for  his  help  in  the 
study  of  this  case.  Dr.  Cohen's  cases  seem  to  have  presented  the  same  diag- 
nostic and  prognostic  difficulties  met  with  in  the  case  which  is  here  reported- 
It  is  the  exceeding  difficulty  in  differential  diagnosis  referred  to  by  Dr.  Janeway 
which  prompted  me  to  report  this  case.  The  only  coma  in  diabetes  clinically 
defined  is  the  dyspneic  type,  and  the  only  coma  chemically  defined  is  that  due 
to  acidosis  and  acid  intoxication.  The  diagnosis  of  these  conditions,  as  a  rule, 
offers  no  great  difficulty.  It  is  the  atypical  group  of  those  due  to  complications 
which  occur  more  frequently  and  which  present  the  real  diagnostic  and  prog- 
nostic problem  to  the  clinician.  The  nephritis  and  brain  condition,  to  which 
Dr.  Janeway  refers,  are  most  important  in  the  consideration  of  the  coma,  but 
in  the  absence  of  any  clear  knowledge  of  how  coma  is  produced  in  uremia  or 
brain  softening,  the  mere  statement  of  their  presence  is  not  sufficient  to  exclude 
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other  factors,  factors  resulting  from  disturbed  metabolism  which  subsequent 
investigation  may  prove  to  be  quite  as  potent  as  acidosis  or  acid  intoxication. 

The  discussion  of  this  case  with  nine  months  clinical  record,  and,  finally,  the 
postmortem  findings  before  one  is  very  different  from  the  problem  before  the 
clinician  at  the  bedside  at  the  onset  of  the  coma.  At  that  time  it  was  impos- 
sible to  say  that  a  fatal  coma  was  not  developing.  I  believe  two  important 
findings  at  that  time  justified  one  in  assuming  that  the  coma  was  of  mild  type, 
namely,  the  character  of  the  urine  and  the  amount  of  alkali  required  to  neutral- 
ize the  urine.  In  forty-eight  hours  from  the  onset  of  the  coma  these  features 
manifested  themselves.  While  no  explanation  of  the  coma  appears  in  the 
record,  these  clinical  findings  may  prove  to  be  features  differentiating  the  com- 
paratively common  non-fatal  coma  in  diabetes  (due  possibly  to  complication  or 
some  yet  unexplained  metabolic  disturbance)  from  the  rapidly  fatal  coma  in 
this  disease. 


FATIGUE  IN  SCHOOL  CHILDREN  AS  TESTED  BY  THE 

ERGOGRAPH. 


By  ROWXAND  G.  FREEMAN,  M.D., 

NEW    YORK    CITY. 


The  considerable  number  of  children  seen  in  dispensary  service, 
particularly  late  in  the  winter  and  in  the  spring,  suffering  from 
nervous  disorders,  and  the  fact  that  these  children  are  usually 
conscientious  children  who  are  making  a  desperate  effort  for  a  good 
showing  at  school,  naturally  leads  one  to  suspect  that  school  work  is 
doing,  at  least  part  of  the  children,  considerable  harm.  This  feeling, 
I  believe,  is  also  shared  by  many  school  teachers. 

Being  interested  in  the  physical  welfare  of  children  in  a  large 
private  school  in  New  York,  my  attention  was  attracted  to  the  work 
with  the  ergograph  done  under  the  direction  of  Dr.  W.  S.  Christopher 
in  the  Chicago  public  schools  during  the  years  1898,  1899,  and  1900. 
Dr.  Christopher  was  placed  in  charge  of  a  department  of  child 
study,  and  undertook  to  apply  various  tests  to  the  children,  so  that 
each  child  might  be  so  placed  in  school  as  to  best  acquire  knowledge 
withoul  physical  harm.  He  tested  the  sight,  hearing,  lung  capacity, 
etc.  Among  the  various  tests  he  applied  to  the  children  was  a  test  of 
muscular  activity,  determined  by  the  ergograph.  The  ergograph, 
which  aims  to  use  only  one  muscle  and  to  exercise  it  until  fatigue  is 
produced,  shows  by  comparative  tests  muscular  fatigue.  Dr.  Chris- 
topher tested  the  children  during  various  periods  of  the  school  day, 
and  found  in  a  considerable  number  of  experiments  that  there  was  a 
diminution  in  the  physical  activity  as  shown  by  the  ergograph,  com- 
mencing- within  an  hour  after  the  beginning;  of  the  school  dav  and 
proceeding  until  the  noon  recess,  after  which  about  the  same  activity 
was  shown  as  at  nine  in  the  morning,  but  it  fell  off  again  during  the 
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afternoon  session.  The  report  of  1899-1900  notes  one  exception  to 
this  rule,  and  that  was  in  four  boys,  who,  on  questioning,  stated 
"that  their  teacher  had  been  called  from  school  and  that  they  had 
had  no  regular  work,  but  had  been  sent  to  another  room,  but  em- 
ployed themselves,"  as  they  said,  "in  having  a  good  time." 

The  amount  of  deterioration  in  muscular  activity  during  the  school 
day,  as  shown  in  these  children,  was  on  the  average  during  the  first 
experiments  from  20  to  25  per  cent.  A  later  average  of  1127  records 
of  one  school  showed  a  morning  loss  of  16  per  cent.,  and  an  after- 
noon loss  of  only  4  per  cent.  This  slighter  evidence  of  fatigue 
in  the  afternoon  might  be  attributed  to  the  fact  that  the  most  difhcult 
school  work  is  now  arranged  in  the  morning  curriculum. 

These  very  valuable  observations  by  Dr.  Christopher  were  pub- 
lished, but,  so  far  as  I  know,  no  practical  application  was  made  of 
them;  that  is,  no  attempt  was  made  to  work  out  a  school  day  which 
might  reduce  or  eliminate  fatigue,  for  it  has  been  well  demonstrated 
that  fatigue,  as  shown  by  the  ergograph,  is  very  marked  fatigue, 
for  after  slight  fatigue  a  better  tracing  may  be  obtained  than  with  no 
fatigue. 

It  seemed  to  me  probable  that  by  the  use  of  more  frequent  recesses 
such  fatigue  might  be  eliminated  and  a  school  day  elaborated,  which 
would  be  free  from  constant  marked  fatigue  and  would  keep  the 
children  in  a  condition  more  favorable  to  the  acquisition  of  knowl- 
edge and  without  physical  harm. 

My  first  efforts  to  measure  fatigue  in  school  children  were  under- 
taken at  the  Charlton  School  three  years  ago.  Two  tests  for  fatigue 
were  then  used :  that  suggested  by  C.  Ward  Crampton,  of  New  York, 
which  consists  in  obtaining  the  difference  between  the  blood  pressure 
of  a  child  standing  and  in  a  horizontal  position,  and  the  rapidity  of 
the  heart  action  in  a  child  standing  and  in  a  horizontal  position. 
This  test  was  used  in  combination  with  a  test  by  an  ergograph 
devised  by  Dr.  Thomas  A.  Storey  and  kindly  loaned  to  me  by 
Professor  Lombard,  of  Ann  Arbor,  in  which  the  abductor  indicis  was 
used;  each  movement  of  the  index  finger  toward  the  thumb  raising 
a  weight  and  making  a  tracing  on  a  kymograph.  Throughout  this 
work  I  have  been  much  indebted  to  Professor  F.  S.  Lee,  of  the 
Department  of  Physiology  of  the  College  of  Physicians  and  Surgeons, 
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of  Columbia  University,  for  his  wise  advice  and  for  the  laboratory 
facilities  and  laboratory  apparatus  put  at  my  disposal. 

With  these  two  tests  I  used  children  who  were  first  required  to 
concentrate  in  their  studies;  that  is,  children  of  about  seven  years. 
Absolutely  no  appreciable  evidence  of  fatigue  was  obtained  from  the 
Crampton  test  of  blood  pressure  and  pulse  rapidity,  and  no  general 
fatigue  such  as  that  described  by  Dr.  Christopher  was  obtained  by 
the  use  of  this  ergograph.  Although  slight  fatigue  was  usually  shown 
by  some  children,  no  persistent  marked  fatigue  was  ever  found  in 
any  class  of  children. 

The  following  year  I  continued  the  same  experiments  with  the 
same  apparatus  in  older  children  at  the  Charlton  School  with  similar 
results.  One  ambitious  and  conscientious  girl  of  high  standing, 
with  an  acute  mind,  who  was  anemic  and  poorly  nourished,  showed 
constant  fatigue  after  her  morning  work.  Some  others  showed 
occasional  fatigue,  others  none. 

Having  worked  for  two  years  with  very  little  result  in  this  school,  I 
arranged  during  the  last  winter  to  conduct  work  in  the  public  schools, 
and  through  the  courtesy  of  Health  Commissioner  Darlington  and 
Superintendent  Maxwell  of  the  Board  of  Education,  and  Superin- 
tendent Boyle,  of  Public  School  69,  I  w^as  enabled  to  obtain  the 
facilities  that  I  needed.  I  used  for  this  purpose  at  first  girls  eleven 
years  old,  taking  first  a  group  of  five  whom  their  teacher  thought  were 
fatigued  at  the  end  of  the  school  day.  .  These  children,  who  w^ere 
apparently  showing  some  fatigue,  showed  no  marked  fatigue  such  as 
Dr.  Christopher  observed  in  Chicago.  Other  groups  of  five  children 
of  the  same  age  that  were  afterward  taken  gave  similar  results.  I 
therefore  concluded  that  further  work  with  this  ergograph  was 
useless  either  in  order  to  confirm  or  obtain  conclusions  on  the  work 
done  by  Dr.  Christopher. 

I  then  procured  a  Mosso  ergograph  (Fig.  1)  similar  to  the  one  used 
in  Chicago,  which  was  kindly  loaned  to  me  by  Professor  Howell,  of 
Johns  Hopkins  University,  and  to  this  was  attached  an  adder.  This 
Mosso  ergograph  uses  the  flexor  of  the  middle  finger.  It  was 
arranged  so  that  each  flexion  of  the  middle  finger  raises  a  weight, 
makes  a  tracing  on  the  kymograph,  as  well  as  registering  the  amount 
of  work  done  on  the  adder.    In  the  use  of  this  apparatus  the  medicd 
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followed  in  Chicago  was  adopted,  each  child  pulling  7  per  cent,  of 
his  weight  thirty  times  a  minute  for  one  and  one-half  minutes,  thus 
giving  each  child  about  forty-five  pulls. 

With  this  apparatus  I  have  tested  a  considerable  number  of  chil- 
dren in  a  New  York  public  school,  and  have  obtained  results  exactly 
similar  to  those  obtained  with  the  other  form  of  ergograph  which  I 
previously  used.  ^A  hile  some  children  show  fatigue  in  their  tracings 
after  an  interval  of  school  work,  other  children  will  make  better 
tracings  than  at  the  beginning. 


Fig.  1  — A  child  being  tested  with  the  Mosso  ergograph. 

Twenty  children  tested  at  9.30  showed  an  average  of  264  kg.  cm.  of 
work;  at  11.30,  286;  at  1.30,  272;  and  at  3.30,  250.  This  shows  a 
slight  increase  in  muscular  activity  at  11.30  over  9.30,  and  again  a 
slight  diminution  at  2.30  as  against  1.30  (Fig.  2). 

An  average  of  36  observations  at  9.30  and  11.30  on  both  bovs  and 
girls  from  ten  to  fourteen  years  of  age  gave  an  average  result  of  278 
kg.  cm.  at  9.30  and  282  kg.  cm.  at  11.30,  a  slight  increase  in  the 
amount  done  at  11.30  over  9.30.  As  some  of  these  children  were 
using  the  instrument  for  the  first  time  on  this  day,  an  estimate  of  the 
work  done  by  children  who  had  repeatedly  used  the  ergograph  might 
help  to  eliminate  this  possible  error.    Eleven  children  familiar  with 
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the  instrument  did  an  average  of  204  kg.  cm.  of  work  at  9.30  and  256 
at  11.30,  so  that  there  seems  no  way  that  we  can  use  these  figures  to 
obtain  results  similar  to  those  obtained  by  Dr.  Christopher.  This 
may  be  accounted  for  by  a  difference  in  the  school  curriculum.  It  is 
possible  that  the  duties  required  of  the  pupils  in  Chicago  are  more 
difficult,  and  that  the  sessions  possess  less  opportunities  for  recesses. 
This  would,  of  course,  alter  the  results.  As  I  have  been  unable  to 
obtain  the  curriculum  used  in  Chicago,  I  cannot  compare  it  with 
that  used  in  New  York. 
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Fig.  2 — Influence  of  school  work  on  physical  activity.  A,  8  Chicago  public  school 
children;  B,  1127  Chicago  public  school  children;  C,  36  New  York  public  school  children; 
Z),  20  New  York  public  school  children. 

As  a  conclusion,  I  might  say  that  the  Crampton  test  for  fatigue  has 
given  negative  results  as  applied  to  school  children  in  New  York; 
that  the  Storey  ergograph  as  used  for  the  detection  of  fatigue  in 
school  children  has  given  negative  results  and  is  unsuitable  on 
account  of  the  use  of  accessory  muscles  when  the  abductor  indicis 
becomes  fatigued;  that  the  ]Mosso  ergograph  combined  with  an  adder. 
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as  used  in  the  Chicago  public  schools,  is  the  more  reliable  instrument 
for  this  purpose,  but  in  the  hands  of  the  writer  fails  to  give  evidence  of 
marked  fatigue  of  the  pupils  during  the  school  day  in  a  large  private 
school  as  well  as  in  a  public  school  of  New  York  City;  that  in  occa- 
sional children  either  form  of  ergograph  will  give  evidence  of  fatigue. 
The  ergograph,  so  far  as  my  work  indicates,  is  of  no  value  in 
modifying  the  school  day  in  the  public  schools  of  New  York  for  the 
average  student,  but  might  be  shown  to  be  of  value  in  lightening 
and  controlling  the  work  for  those  pupils  who  give  evidence  of 
marked  fatigue  during  the  school  day. 


ACUTE  PANCREATITIS. 


By  JOSEPH  SAILER,  M.D.,  .\xd  JOHN  SPEESE,  M.D., 

PHILADELPHIA. 

(From  the  William  Pepper  Laboratory  of  Clinical  Medicine.) 


Experimental  acute  pancreatitis  dates  from  1856,  when  Claude 
Bernard  first  published  the  results  of  his  experiments  upon  diabetes. 
The  method  he  employed  was  the  injection  of  sweet  oil  into  the  duct 
of  Wirsung  and  then  its  ligation.  For  some  years  cases  were  occa- 
sionally reported  in  which  lesions  of  the  pancreas  were  found,  but 
it  was  not  until  ISSS,  when  Fitz,  of  Boston,  published  his  classic 
monograph  upon  the  subject  that  the  medical  profession  became 
aware  that  pancreatitis  constituted  a  clinical  entity  that  could  be 
recognized  during  life.  The  next  important  contribution  was  that 
of  Balser's.  In  1S92  he  had  previously  described  small,  yellowish 
areas  observed  in  the  tissue  of  the  pancreas,  and  sometimes  in  the 
fatty  tissue  of  the  adjacent  mesentery,  more  rarely  and  diffusely 
distributed  throughout  the  mesentery  and  omentum,  and  he  now" 
associated  these  with  lesions  of  the  pancreas.  These  were  also 
observed  by  Chiari  and  more  carefully  studied  by  Langerhans, 
who  showed  that  they  were  due  to  the  splitting  of  the  neutral  fats. 
He  was  also  able  to  show  that  pancreatic  tissue  injected  into  animals 
occasionally  would  produce  this  necrosis,  and  these  observations 
have  since  been  abundantly  confirmed.  Hildebrand,  in  1895,  as 
a  result  of  some  experiments,  suspected  that  this  fat  necrosis  was 
caused  by  the  escape  of  the  fat-splitting  ferment  of  the  pancreatic 
juice.  In  1897  Flexner  was  able  to  demonstrate  the  actual  presence 
of  a  fat-splitting  ferment  in  these  necrotic  areas.  It  appears  certain 
that  the  necrosis  of  the  pancreas  as  well  as  the  fat  necrosis  in  the 
neighborhood  or  elsewhere  may  be  due  to  causes  other  than  bacterial 
infection.     Fraenkel,  in  1896,  was  unable  to  find  evidence  of  bacterial 
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infection  in  his  cases,  and  Williams,  in  1S97,  performed  an  elaborate 
series  of  experiments  by  which  he  was  able  definitely  to  demonstrate 
that  all  the  characteristic  lesions  could  occur,  although  the  pancreas 
and  the  surroundino'  tissues  remained  entirely  sterile.  Doberauer 
has  also  had  fatal  cases  with  sterile  exudate  and  tissues.  A  consider- 
able number  of  experiments  have  been  performed  with  the  object  of 
determining  what  substances  introduced  into  the  pancreas  may  be 
the  cause  of  acute  pancreatitis.  Opie  suspected  that  the  entrance 
of  bile  into  the  duct  of  Wirsung  was  a  frequent  deciding  factor  in 
human  beings,  the  cause  of  the  entrance  being  the  lodgement  of 
a  gallstone  in  the  diverticulum  of  Vater.  He  was  able  to  demon- 
strate  this  as  a  probable  cause  in  one  of  his  early  cases.  There 
has  been  a  certain  amount  of  confirmation  of  this  view  from  various 
sources,  but  Truhart,  as  the  result  of  some  carefully  compiled  sta- 
tistics, concludes  that  gallstone  disease  is  less  common  in  cases 
of  pancreatitis  than  it  is  usually  in  the  whole  mass  of  the  population 
during  the  ages  in  which  pancreatitis  occurs.  Pearce  and  Flexner 
have  injected  a  variety  of  substances,  including  gastric  juice,  and 
have  been  able  to  produce  pancreatitis.  Williams  and  Busch 
endeavored  to  prove,  but  not  very  successfully,  that  it  was  due  to 
the  presence  of  enterokinase,  either  derived  from  the  mucous  mem- 
brane of  the  duodenum  or  from  the  peripheral  portion  of  the  duct 
of  Wirsung,  and  Poluza  with  the  same  idea  injected  duodenal  juice 
or  activated  trypsin.  Guleke  found  that  sweet  oil  injected  with 
subsequent  ligation  of  the  duct,  according  to  the  method  originally 
used  by  Claude  Bernard,  caused  acute  pancreatitis  most  certainly 
and  promptly.  In  all  these  cases  it  is  likely  that  the  mechanical  is 
at  least  as  important  as  the  chemical  factor,  if  not  more  so.  Dober- 
auer, for  example,  in  his  experiments,  found  that  double  ligation 
of  the  pancreas  with  section  between  the  ligatures,  although  it  is 
not  clear  why  this  was  necessary,  produced  rapidly  fatal  acute  pan- 
creatitis, and  the  great  variety  of  substances  which  will  produce  it 
if  injected  into  the  duct  of  Wirsung  seems  proof  that  it  is  the  mechan- 
ical distention  of  the  pancreatic  tissue  that  is  the  real  destructive 
agent.  It  has  also  been  observed  by  Guleke  that  acute  necrosis 
of  the  pancreas  is  more  likely  to  occur  if  the  gland  is  in  a  state  of 
secretory  activity  at  the  time  the  injury  occurs.     Thus,  in  animals 
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upon  which  an  operation  has  been  performed  immetliately  after 
they  have  eaten  heartily  the  clinical  symptoms  are  severe.  The 
same  effect  can  be  produced,  as  Opie  and  Hildebrand  have  shown, 
by  the  hypodermic  administration  of  pilocarpin,  which  causes  active 
secretion  of  the  pancreatic  juice.  This  leads  obviously  to  the 
conclusion  that  one  of  the  elements  in  the  destructive  action  of  acute 
pancreatitis  is  the  pancreatic  secretion,  a  conclusion  warmly  sup- 
ported by  Truhart,  who  summarizes  the  evidence.  Some  inter- 
esting experiments  have  been  performed  in  order  to  test  this  theory. 
Guleke,  as  a  result  of  a  series  of  experiments  in  which  he  used  oil 
injections,  came  to  the  conclusion  that  death  in  pancreatitis  is  caused 
by  some  form  of  toxemia.  Having  the  assistance  of  von  Bergmann 
in  the  latter  period  of  his  w^ork,  they  decided  that  the  toxic  agent 
was  probably  one  of  the  ferments  of  the  pancreatic  juice.  Not 
being  able  to  devise  any  method  of  testing  for  the  presence  of  fer- 
ments in  the  blood,  they  decided  to  prove  it  by  the  indirect  method 
of  immunizing  a  dog  to  trypsin.  For  this  purpose  they  gave  a  series 
of  injections  of  a  solution  of  commercial  trypsin,  and  then  found 
that  when  they  operated  on  a  dog  in  the  usual  way,  although  there 
was  pathological  pancreatitis,  the  clinical  symptoms  were  slight  or 
absent.  Doberauer,  being  unable  to  obtain  any  preparation  of 
commercial  trypsin  not  contaminated  with  bacteria,  injected  dogs 
with  an  emulsion  of  the  pancreas  in  a  state  of  acute  necrosis,  causing 
death  apparently  from  toxemia,  although  he  found  bacteria  in  the 
exudate.  With  smaller  doses  he  believes  that  in  this  manner  he 
obtained  a  partial  immunity  to  the  clinical  results  of  the  operation, 
which  consisted  of  a  double  ligation  and  division  of  the  gland. 
Pflueger,  w^orking  with  frogs,  was  unable  to  prevent  any  of  the 
clinical  manifestations  after  extirpation  of  the  pancreas  by  the 
previous  implantation  into  the  peritoneal  cavity  of  fragments  of 
normal  pancreas.  He,  therefore,  concludes  that  immunity  to  the 
results  of  extirpation  of  the  pancreas  is  not  produced  by  the  im- 
plantation of  pancreatic  tissue.  The  experimental  evidence  regard- 
ing this  subject  is  at  present  very  scanty.  Fermi  and  Pernossi 
injected  animals  with  trypsin  and  were  unable  to  produce  any  lesions 
or  to  recover  the  trypsin  from  the  blood  serum  of  mammals  at  a  longer 
interval  than  five  minutes  after  it  was  injected.     In  frogs  the  interval 
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was  lono'er.  The  same  results  were  obtained  with  other  ferments. 
Achalme,  on  the  other  hand,  appeared  to  be  able  to  produce  a  very 
definite  local  lesion  by  the  injection  of  a  solution  of  trypsin,  and, 
moreover,  to  determine  an  altered  resistance  of  the  proteid  in  the 
blood  serum  to  tryptic  digestion.  Immunity  could  be  produced 
by  intraperitoneal  injections,  and  the  blood  of  immunized  guinea- 
pigs  causes  inhibition.  Von  Bergmann  has  confirmed  some  of 
these  results. 

The  present  series  of  experiments  was  undertaken  first- with  the 
idea  of  testing  Doberauer's  results.  No  effort  was  made  to  immunize 
dogs  with  trypsin  according  to  the  method  of  Guleke  and  von  Berg- 
mann, because  our  investigations  with  commercial  trypsin  did  not 
lead  us  to  suppose  that  it  would  be  of  any  value  for  this  purpose. 
The  best  preparation  that  we  could  obtain  was  that  of  Merck's, 
which,  tested  by  ]Mett's  method,  has  about  one-twentieth  the  digestive 
power  of  good  scale  pepsin.  It  contains  a  very  large  number  of 
bacteria,  and,  indeed,  if  some  of  the  powder  is  moistened  and  spread 
upon  a  slide,  then  dried  and  stained,  practically  nothing  but  a  mass 
of  bacteria,  chiefly  rod-shaped,  is  seen  in  the  field.  If  a  small  por- 
tion of  the  powder  from  an  original  package  opened  under  aseptic 
precautions  is  dropped  into  bouillon  in  a  flask  and  allowed  to  stand 
in  the  incubator  for  twenty-four  hours,  there  is  an  exceedingly 
abundant  growth  of  bacteria  giving  a  characteristic  fecal  odor. 
So  contaminated  is  the  preparation,  that  we  decided  it  was  not  worth 
while  uselessly  to  sacrifice  animals  in  experiments,  the  results  of 
which  could  not  possibly  be  decisive. 

In  order  to  test  the  effect  of  the  necrotic  pancreas,  the  opera- 
tion was  performed  aseptically;  then,  as  soon  as  possible  after 
the  dog  died,  the  pancreas  was  removed  and  aseptically  tritu- 
rated in  a  sterile  mortar  either  with  sterile  physiological  salt 
solution  or  covered  with  glycerin,  triturated,  and  allowed  to  extract. 
Guinea-pigs  were  then  injected.  The  results  were  quite  uniform. 
Some  of  the  pigs  died  in  from  two  to  three  days,  and  invariably 
were  found  to  be  suffering  from  acute  peritonitis  or  subcutaneous 
phlegmon,  according  to  the  nature  of  the  injection.  The  pigs  that 
survived  had  neither  clinical  symptoms  nor  lesions,  and  it  was 
concluded,  therefore,  that  the  necrotic  pancreas  did  not  necessarily 
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produce  any  symptoms.  Of  course,  under  these  circumstances 
it  was  impossible  to  test  its  immunizing  power.  Dogs  were  not 
injected,  so  that  actually  the  experiment  does  not  imitate  Dober- 
auer's.  As,  however,  we  were  led  into  another  line  of  work  which 
promised  more  definite  results,  and  as  it  did  not  seem  likely  that  the 
necrotic  pancreas,  if  entirely  indifferent  to  the  tissues  of  guinea- 
pigs,  would  have  any  effect  upon  the  tissues  of  dogs,  this  line  of  work 
was  abandoned. 

It  seems  reasonable  to  conclude  that  if  the  clinical  manifestations 
of  acute  pancreatitis  are  due  to  the  presence  of  a  toxin,  this  toxin 
must  be  distributed  throughout  the  body  and  probably  will  be  found 
in  the  blood.  If  present  in  the  blood,  it  should  be  possible  to  pro- 
duce some  of  the  clinical  manifestations  of  pancreatitis  by  the 
injection  of  the  blood  serum  of  animals  suffering  from  acute  pan- 
creatitis into  other  animals  in  whom  no  lesion  of  the  pancreas  existed. 
The  line  of  experimentation  was,  therefore,  arranged  as  follows: 

Acute  pancreatitis  was  produced  in  the  usual  way  by  injecting  oil 
into  the  duct  of  Wirsung  and  ligating  it.  As  previous  experiments 
had  shown  that  the  animal  died  in  from  eight  to  twelve  hours  after 
the  operation,  in  a  little  less  than  eight  hours  after  it  the  dog  was 
etherized,  a  sterile  cannula  inserted  into  the  carotid  artery,  and  the 
blood  allowed  to  flow"  into  a  sterile  flask.  In  all  cases  in  which  this 
was  done  the  dog  appeared  moribund  at  the  time  of  the  bleeding. 
The  flask  was  placed  directly  upon  the  ice  and  allowed  to  stay  for 
twenty-four  hours.  The  serum  was  then  decanted  into  another 
flask.  Various  quantities  were  then  injected  into  guinea-pigs.  A 
clear  serum  was  never  obtained;  it  was  always  stained  with  hemo- 
glol)in,  even  though  some  saturated  solution  of  calcium  and  sodium 
chloride  was  placed  in  the  flask  before  the  blood  flowed  in.  The 
toxicity  of  the  serum  differed  slightly  according  to  the  dog  from  which 
it  was  obtained,  but  in  general  2  to  3  c.c.  injected  either  subcutane- 
ously  or  intraperitoneally  caused  death  in  guinea-pigs  in  from 
twelve  to  thirty-six  hours.  Smaller  quantities,  0.5  to  1  c.c,  appar- 
ently made  the  pigs  sick  for  a  few  hours,  but  they  soon  recovered 
and  appeared  to  be  perfectly  normal.  At  the  autopsy  of  the  pigs 
which  had  received  the  lethal  doses,  septic  lesions  were  not  found, 
although  occasionally,  in  those  that  had  been  injected  intraperi- 
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toneally,  some  free  blood  was  found  in  the  peritoneal  cavity.  Bac- 
teriological cultures  were  not  made  for  the  reason  that  in  practically 
all  cases  the  pigs  died  during  the  night  and  had  been  dead  for  several 
hours  before  the  autopsy  could  be  made.  ^Moreover,  it  was  thought 
that  the  histological  findings  might  suggest  or  help  to  exclude 
bacterial  action.  These  histological  findings  were  exceedingly 
interesting.  In  all  cases  sections  were  made  from  the  liver,  kidney, 
and  pancreas,  and  occasionally  from  the  spleen  and  heart  muscle. 
The  changes  observed  dift'er  in  degree,  but  not  in  character.  In 
general  it  may  be  said  that  there  is  an  intense  focal  necrosis  of  the 
parenchymatous  cells.  In  the  liver  large  groups  of  cells  appear 
converted  into  a  fatty  debris  which  fails  to  take  the  eosin  stain.  The 
nuclei  in  these  cells  stain  either  faintly  or  not  at  all.  The  boundaries 
of  these  areas  are  sharp  but  irregular,  and  there  is  no  round-cell 
infiltration  either  in  the  areas  or  about  them,  nor  any  other  sign 
of  septic  inflammation.  There  are  no  thrombi  in  the  bloodvessels, 
but  the  areas  in  a  general  way  are  grouped  about  the  interlobular 
veins.  In  the  pancreas  similar  but  much  smaller  areas  are  observed 
with  complete  degeneration  of  the  glandular  cells  and  loss  of  the 
tinctability  of  the  nuclei.  These  foci  are  usually  smaller  and  not 
quite  as  sharply  circumscribed  as  in  the  liver.  They  are,  in  general, 
grouped  about  the  bloodvessels,  and  are  not  associated  with  any 
round-cell  infiltration.  In  the  kidney  throughout  the  cortex  are 
small  circumscribed  areas  in  which  the  cells  lining  the  convoluted 
tubules  show  karyolysis  of  the  nuclei.  These  cells  appear  to  be 
slightly  larger  than  the  neighboring  cells.  The  spleen  shows 
nothing  that  can  properly  be  called  characteristic.  Some  of  the 
fibers  of  the  heart  muscle  are  swollen  and  stain  faintly.  These 
lesions  cannot  be  said  to  be  characteristic.  They  are  merelv 
the  effect  of  a  poison  acting  upon  the  parenchymatous  tissues. 
It  is  interesting  to  note  that  they  do  not  resemble  the  lesions  de- 
scribed by  Gay  as  characteristic  of  the  serum  disease;  that  is 
death  by  serum  as  a  result  of  anaphylaxis.  In  a  number  of  cases 
normal  guinea-pigs  were  injected  with  serum  obtained  from  normal 
dogs;  in  one  case  with  serum  obtained  from  a  dog  just  before 
the  pancreas  was  injected.  In  every  instance,  excepting  one,  in 
which  a  rather  large  dose  of  serum  was  injected,  these  pigs  sur- 
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vived  without  symptoms.  In  the  fatal  case  the  pig  died  on  the 
second  day  with  no  signs  of  inflammation,  but  no  histological 
changes  were  found  in  the  organs.  It  seems,  therefore,  fair  to 
conclude  that  in  dogs  suffering  from  pancreatitis,  the  blood  con- 
tains a  toxic  substance  which  is  fatal  to  guinea-pigs.  The  next 
question  that  seemed  to  need  investigation  was  the  possibility  of 
producing  in  these  pigs  immunity  to  this  toxic  substance.  For 
this  purpose  the  pigs  that  had  received  non-lethal  doses  were 
injected  at  intervals  of  from  six  to  ten  days  with  increasing  doses  of 
the  toxic  serum.  They  have  all  survived  and  are  able  now  to  with- 
stand, without  symptoms,  doses  four  or  five  times  (the  largest  so  far 
attempted)  the  minimum  lethal  amount.  None  of  these  pigs  have 
as  yet  been  killed.  In  none  of  them  has  an  increased  susceptibility 
in  the  action  of  the  serum  itself  been  observed.  The  third  point 
was  to  determine  the  susceptibility  of  dogs  to  the  toxin.  So  far  only 
two  dogs  have  been  injected.  It  was  calculated  that  in  a  dog  of 
10  kilos  about  fifty  times  the  lethal  dose  required  for  a  guinea-pig 
must  be  injected.  Accordingly,  50  c.c.  was  given  to  the  first  dog. 
He  was  sick  for  a  few  hours,  but  subsequently  made  a  satisfactory 
recovery,  and  is  still  well  and  awaiting  the  second  injection.  To 
the  other,  150  c.c.  were  given  about  4  o'clock  in  the  afternoon,  and 
he  was  found  dead  in  his  cage  the  next  morning.  The  peritoneal 
cavity  contained  a  considerable  amount  of  blood-stained  serum,  and 
the  lacteals  in  the  mesentery  were  bright  red,'  but  there  were  no 
adhesions  or  accumulations  of  pus. 

The  experiments  are  still  in  the  course  of  prosecution.  At  present 
we  can  only  consider  that  we  have  demonstrated  the  existence  of 
a  toxin  in  the  blood  of  animals  in  whom  acute  experimental 
pancreatitis  has  been  produced.  The  toxin  affects  guinea-pigs 
and  dogs,  and  possibly  other  animals,  and  the  inoculated  animal, 
provided  a  sublethal  dose  has  been  employed,  acquires  a  high 
degree  of  immunity.  After  the  lethal  dose  has  been  employed 
it  becomes  apparent  from  the  histological  changes  that  the  toxin 
causes  focal   areas  of   the  parenchymatous  degeneration. 

There  are  a  number  of  speculations  which  possibly  may  be  con- 
sidered with  profit.  Among  these  are  the  nature  of  the  toxin.  It 
seems  reasonable  to  assume  that  this  is  not  derived  in  anv  wav 
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from  bacteria.  If,  therefore,  it  must  be  supposed  to  be  derived 
from  the  body  of  the  animal,  four  explanations  have  occurred 
to  us. 

1.  It  may  be,  as  has  been  suggested  by  Doberauer,  Bornhaupt, 
Guleke,  and  von  Bergmann,  a  suggestion  which  is  partially  borne 
out  by  the  work  of  Hildebrand  and  Flexner,  merely  the  normal  secre- 
tion of  the  gland  which,  as  a  result  of  the  injury,  or  for  some  other 
reason,  has  entered  into  the  general  circulation  and  become  an 
active  poison.  This  is  a  point  that  we  shall  attempt  to  discover  by 
means  of  a  series  of  experiments  that  has  already  been  planned. 

2.  It  may  be  merely  the  products  of  the  necrosis  of  the  pancreas 
that  have  escaped  into  the  circulation  and  have  no  direct  con- 
nection with  the  normal  secretion  of  the  gland.  This  hypothesis 
seems  unlikely  in  view  of  the  negative  results  of  our  first  series  of 
experiments,  for  if  merely  the  products  of  necrosis  become  so  in- 
tensely toxic,  the  presumption  would  be  that  the  extract  or  suspension 
of  the  necrotic  gland  itself  should  also  prove  toxic,  which,  as  we  have 
shown,  is  not  the  case. 

3.  It  may  be  the  result  of  some  perversion  of  metabolism  possibly 
due  to  interference  with  the  hypothetic  internal  secretion  of  the 
pancreas.  As  this  hypothesis  is  founded  upon  another  hypothesis, 
further  discussion  of  it  may  be  regarded  as  entirely  useless  at  the 
present  time. 

4.  It  may  have  nothing  to  do  with  the  pancreas,  but  be  merelv 
a  poisonous  product  of  the  disturbance  of  metabolism  caused  bv 
the  profound  shock  of  the  operation.  As  there  is  no  experimental 
evidence  to  warrant  such  an  assumption,  it  also  may  be  dismissed 
for  the  present. 

The  second  point  for  consideration  is  the  possibilitv  of  pre- 
venting the  clinical  manifestations  of  acute  pancreatitis  in  dogs, 
previously  immunized  to  this  toxic  substance,  upon  which  the  opera- 
tion by  the  injection  of  oil  has  been  performed  in  the  usual  wav. 
A  series  of  experiments  to  test  this  point  has  also  been  planned. 
The  third  point  is  the  possibility  of  obtaining  some  serum  reaction 
that  might  be  useful  in  the  diagnosis  of  acute  pancreatitis.  Just 
what  this  reaction  might  be  is,  of  course,  impossilile  to  foretell, 
but  a  third  series  of  experiments  has  been  planned  in  order  to  dis- 
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cover  if  possible  whether  such  reaction  coiikl  occur,  and  if  so, 
under  what  form.  A  fourth  point  is  the  possibility  that  the  serum 
from  an  immunized  animal  might  be  able  to  counteract  some  of  the 
clinical  manifestations  of  acute  pancreatitis,  and  we  hope  to  be 
able  to  determine  this  also. 

In  conclusion,  we  desire  to  express  our  thanks  to  Dr.  John  Gittings, 
who  has  assisted  in  some  of  the  experiments,  and  particularly  to 
Dr.  Clifford  B.  Farr,  w4io  has  etherized  most  of  the  dogs  and  assisted 
in  many  of  the  operations,  particularly  m  the  early  experiments; 
Dr.  John  Hunter,  the  assistant  director  of  the  Pepper  Laboratory, 
has  been  tireless  in  placing  all  the  facilities  of  the  laboratory  at  our 
disposal,  and  has  made  many  helpful  suggestions  in  their  course, 
particularly  suggesting  the  testing  of  the  guinea-pigs  with  normal 
and  toxic  serum  obtained  from  the  same  dog. 


PROTOCOLS. 

Series  1.  Dog  1,  operation  by  Dr.  Speese.  A  few  centimeters  of 
sterile  olive  oil  injected  into  the  duct  of  Wirsung.  There  was  some 
doubt  whether  the  duct  was  actually  catheterized.  0.1  gr.  pilocarpin 
was  given  subcutaneously  during  the  operation.  Dog  reacted  well 
and  made  a  complete  recovery. 

Dog  2,  operation  by  Dr.  Luther.  About  10  c.c.  sterile  olive  oil 
injected  into  duct  of  Wirsung,  and  0.1  gr.  pilocarpin  given  sub- 
cutaneously. Dog  died  during  night.  Following  morning  pancreas 
was  removed  and  triturated  in  sterile  salt  solution. 

Dog  3,  operation  by  Dr.  Luther  on  October  29,  1907.  Pawlow 
fistula.  The  portion  of  duodenum  containing  the  duct  of  Wirsung 
being  sown  to  the  abdominal  wound.  Dog  died  November  2,  1907, 
rather  suddenly. 

Autopsy:  Purulent  infiltration  about  the  head  of  the  pancreas, 
some  fat  necrosis  and  local  peritonitis. 

Dog  4,  operation  performed  on  November  3,  1907,  at  8.30  p.m., 
by  Dr.  Speese.  10  c.c.  of  sterile  olive  oil  injected  into  duct  of 
Wirsung,  which  was  then  ligated.  November  4,  1907,  at  8.30  a.m., 
dog  found  dead,  but  still  warm.  Last  seen  alive  at  midnight. 
At  the  autopsy  considerable  fat  necrosis  in  the  omentum  and  mesen- 
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terv  and  intense  fat  necrosis  in  the  pancreas,  which  was  of  a  yellowish 
chalky  appearance.  One  portion  was  triturated  with  normal 
salt  solution  for  fifteen  minutes,  and  another  placed  in  glycerin  for 
extraction. 

Dog  o,  operation  by  Drs.  Speese  and  Luther  on  November  9,  1907. 
Died  on  the  table  from  anesthesia.  Upon  subsequent  dissection 
it  was  found  that  the  cannula  had  been  introduced  into  the  common 
bile  duct  and  not  in  the  duct  of  Wirsung.  Pancreas  was  removed 
and  placed  in  glycerin,  and  the  mucous  membrane  of  the  duodenum 
scraped  and  placed  in  0.4  per  cent.  HCl. 

Dog  6,  duct  of  Wirsung  not  found,  but  head  of  pancreas  ligated. 

November  14,  1907,  Dog  6  growing  thinner,  but  still  alive. 

19^/i.  Dog  6  found  dead.  Wound  badly  infected,  general  peri- 
tonitis. It  was  found  that  the  ligature  had  included  the  common 
bile  duct.  Gall-bladder  enormously  distended  and  the  tissues 
stained  with  bile. 

Dog  7,  operation  by  Dr.  Luther  on  November  13,  1907.  Oil 
was  injected  into  the  duct  of  Wirsung  and  then  ligated;  j  gv. 
pilocarpin  injected  subcutaneously. 

ISth.  Dog  7,  apparently  well,  was  killed.  At  the  autopsy  pancreas 
was  hard  and  studded  with  fat  necrosis.  No  fat  necrosis  in  the 
surrounding  tissues,  and  no  sign  of  inflammation.  Dog's  tissues 
were  fat  and  in  good  condition. 

Dog  8,  operation  performed  by  Dr.  Speese  on  November  13,  1907. 
Injected  with  oil  into  the  duct;  ^  gr.  pilocarpin  given. 

Dog  8  died  on  November  28,  1907.  No  autopsy,  body  having 
been  thrown  out  by  careless  attendant. 

Dog  9,  operation  by  Dr.  Luther  on  November  16,  1907.  Pawlow 
fistula  was  made  apparently  without  difficulty  and  with  no  compli- 
cation. 

Dog  9  died  on  November  17,  1907.  At  the  autopsy,  pancreas  was 
found  in  the  state  of  acute  inflammation.  Unfortunately  this  is  the 
only  record  that  was  kept. 

Dog  10,  operation  by  Dr.  Speese  on  November  IS,  1907.  The 
duct  of  Wirsung  was  not  found.  The  head  of  the  pancreas  was 
therefore  surrounded  by  a  ligature  and  the  oil  injected  into  the 
substance  of  the  Mand. 
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Dog  10  found  (lead  on  November  19,  1907.  Autopsy:  Localized 
peritonitis  about  the  head  of  the  pancreas  with  considerable  exudate. 
No  fat  necrosis. 

Dog  11,  operation  by  Dr.  Luther  on  November  22,  1907.  Pawlow 
was  again  made.     Dog  died  on  the  24th  of  purulent  peritonitis. 

Dogs  12  and  13  died  on  the  table  from  anesthesia  on  November  25, 
1907.  In  both  cases  the  duodenum  was  removed  and  found  to 
contain  numerous  round  ulcers.     The  intestines  were  full  of  worms. 

Dog  14,  operation  by  Dr.  Luther  for  Pawlow  fistula  on  a  large 
St.  Bernard  dog  on  November  29,  1907.  Dog  was  found  dead  on 
the  morning  of  December  1,  1907,  with  considerable  bloody  fluid 
in  the  peritoneum,  ^^ound  was  in  bad  condition.  No  definite 
acute  peritonitis. 

Dog  15,  operation  8  p.m.  by  Dr.  Speese  on  December  2,  1907. 
20  c.c.  of  cotton-seed  oil  injected  into  duct  of  "Wirsung;  pilocarpin, 
I  gr.;  8  a.m.  dog  found  dead.  There  was  a  moderate  amount  of 
bloody  fluid,  and  pancreas  shows  extensive  fat  necrosis,  but  none  in 
the  surrounding  tissues.     Pancreas  was  removed  and  triturated. 

Dog  16,  operation  9  p.m.  by  Dr.  Speese  on  December  2,  1907. 
Duct  was  easily  found,  oil  injected,  and  it  was  then  ligated.  Pilo- 
carpin was  given;  8  a.m.  dog  found  dead.  Extensive  fat  necrosis 
of  the  pancreas  and  surrounding  tissues.     No  sign  of  infection. 

The  following  injections  were  made  from  the  trituration  of  the 
necrotic  pancreas  of  Dog  2:  Pigs  1  and  2,  1.5  c.c.  subcutaneously; 
pigs  3  and  4,  1.5  c.c.  intraperitoneally.  The  following  day  Pig  2 
also  received  15  c.c.  of  the  emulsion  subcutaneously.  Died  three 
days  later.  There  was  a  large  area  of  inflammation  in  the  skin  con- 
taining a  reddish  cloudy  fluid.  Gall-bladder  was  distended.  The 
remaining  pigs  died  on  the  second  day,  and  all  were  infected.  Pigs 
5  to  10,  inclusive,  were  injected  intraperitoneally  with  trituration 
in  normal  salt  solution  from  the  pancreas  of  Dog  4.  The  amounts 
varied  from  1  to  -^^  c.c.  They  all  remained  in  good  health.  These 
pigs  were  subsequently,  on  December  4,  1907,  given  suspensions  of 
the  pancreas  from  Dogs  15  and  16;  from  0.3  to  1  c.c.  emulsion  was 
employed  for  each  pig.  Two  died  of  purulent  peritonitis  and  the 
other  remained  well. 

A  series  of  tests  was  made  with  the  extracts  from  the  glands  in 
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order  to   determine   the   digestive   power  of  the  necrotic  pancreas 
from  Dog  2.     For  this  purpose   glycerin  extract  was  mixed  with 
an  equal  part  of  i  normal  sodium  carbonate  and  Mett  tubes  then 
introduced.     To  some  of  the  dishes  enterokinase  was  added  and  in 
others  it  was  omitted,  all  showing  a  slightly  irregular  line  of  solution 
of  the  albumin  at  the  ends  of  the  tubes.    From  Dog  4,  the  unfiltered 
pancreatic  extract  was  used ;  the  digestion  was  more  distinct,  but  still 
quite  irregular,  excepting  in  one  dish  in  which  the  edge  of  the  cylinder 
was  sharp.     No  extract  of  the  duodenal  mucous  membrane  was  em- 
ployed.   Dog  5,  the  preparations  were  made  as  before,  but  to  some  of 
the  dishes  enterokinase  was  added.    A  doubtful  amount  of  digestion 
occurred  at  the  ends  of  all  the  tubes.    Dog  7,  same  method  employed, 
enterokinase  being  sometimes  added  and  sometimes  omitted.    There 
was  no  trace  of  digestion.   Extracts  of  normal  pancreas  obtained  from 
Dogs  12  and  13;  enterokinase  added  to  some  of  the  dishes.    Digestion 
was  irregular  Init  very  marked,  sometimes  extending  as  far  as  9  mm. 
along  the  tube  in  twenty-four  hours.     Experiments  were  made  with 
the  necrotic  pancreas  of  Dog  15.    A  mere  trace  of  digestion,  whether 
enterokinase  was  added  or  not.     In  the  glycerin  extract  of  the  same 
dog  there  was  no  digestion,  in  spite  of  the  addition  of  enterokinase. 
Dog  16,  glvcerin  extract;  there  was  verv  definite  digestion  in  the 
dishes  to   which   the  extract   of   the  duodenal   mucous   membrane 
was  not  added.      To  those  in  which  it  had  been  added  there  was 
a  mere  trace  of  digestion.    With  another  extract  of  the  same  pancreas^ 
made  by  trituration  with  sand  and  glycerin  and  then  filtered,  there 
was  a  mere  trace  of  digestion.     The  following  note  is  made  by 
Dr.  Farr,  who  is  responsible  for  the  majority  of  these  tests:     In  most 
of  the  tubes  the  line  of  digestive  action  is  not  sharp  enough  to  admit 
measurement.     In  all  cases  in  which   dilution  of   more   than  1  to 
1   was   made,   a  mere   trace  of   digestion    occurred.     The  line   of 
digestion  was  irregular,  often  oblique,  the  oblique  line  of  digestion 
to  determine  between  the  position  of  the  tubes  in  the  digestive  fluid, 
possibly  the  ferment  being  more  concentrated  at  the  bottom  than 
elsewhere.     Any  attempt  to  clarify  the  solution  by  filtration  through 
paper,  or  even  several  layers  of  gauze,  greatly  diminishes  its  activity. 
The  only  conclusion  that  can  be  drawn  from  this  incomplete  series 
of   experiments  is  that  when  successfully  performed,  the  oil  injected 
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into  tlie  duct  of  ^Virsung  and  Hgated,  and,  possibly,  administration 
of  pilocarpin,  will  cause  death  within  twelve  hours  and  apparently 
without  any  local  inflammatory  symptoms.  As  it  was  not  possible 
to  cause  death  in  the  pigs  by  the  injection  of  extract  of  necrotic 
pancreas  unless  at  the  same  time  there  was  infection,  we  could  not 
determine  whether  any  immunity  occurred  or  not.  The  digestive 
power  of  the  necrotic  pancreas  is  comparatively  slight  and  does 
not  indicate  that  there  is  any  excess  of  the  trypsin  present  in  the 
gland.  The  methods  of  extraction  were,  of  course,  extremely  crude 
but  sufficient  to  determine  the  existence  of  the  ferment. 

Series  2.  The  operations  were  practically  identical.  The  tech- 
nique is  as  follows :  Abdominal  cavity  being  opened,  the  duodenum 
and  pancreas  delivered,  and  the  intestines  opened  about  four  inches 
from  the  pylorus  for  a  distance  of  two  or  three  inches.  The  opening 
of  the  pancreatic  duct  is,  as  a  rule,  found  in  this  region  without  much 
difficulty.  A  ligature  is  thrown  around  the  portion  of  the  pancreas 
containing  the  duct  and  a  blunt  needle  inserted  into  the  duct  from 
the  intestinal  opening,  a  syringe  being  attached,  an  injection  of  about 
15  c.c.  of  cotton  seed  oil  is  made.  The  needle  is  then  withdraw^l, 
the  ligature  tightened  so  that  leakage  backward  is  prevented,  the 
opening  in  the  intestines  closed  l)y  a  continuous  suture,  and  the  peri- 
toneum and  abdominal  wall  in  the  usual  way.  The  operations 
were  all  performed  under  ether  anesthesia.  Usually  at  the  beginning 
of  the  operation  0.1  gr.  pilocarpin  is  administered  subcutaneously. 
Time  of  operation  was  8  a.m.,  and  at  either  3  or  4  p.m.  the  dog  was 
again  placed  on  the  table,  anesthetized,  a  sterile  glass  cannula  inserted 
into  the  carotid  artery,  and  the  blood  allowed  to  flow  into  a  sterile 
flask  until  the  dog  was  dead.  Pancreas  and  such  other  tissues  as  it 
seemed  advisable  to  examine  histolofficallv  were  then  removed  and 
the  flask  containing  the  blood  placed  in  the  ice  box. 

April  20,  1908.  Dog  A,  pancreatic  and  fat  necrosis.  Guinea- 
pigs  injected  with  the  serum  as  follows:  Al,  1.5  c.c;  A2,  3  c.c; 
A3,  6  c.c. ;  A4,  9  c.c. 

22d.  Pigs  A3  and  A4  dead.  Xo  sign  of  inflammation.  Doubtful 
perforation  of  the  colon  without  escape  of  contents  in  Pig  A3. 

23d.  Pig  A2  died  at  10  a.m.  Autopsy  at  3  p.m.  Some  bloody 
fluid  in  the  peritoneal  cavity,  otherwise  negative. 
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Injected  Pig  A5,  1.5  c.c.  intraperitoneallv.  A6,  0.75  intraperito- 
neally. 

24th.  Dog  B,  pancreas  necrotic  and  fat  necrosis.  This  dog  was 
bled  from  the  external  jugular  vein  at  the  beginning  of  the  operation. 

25^/?.  Injected  Pig  Al,  1.5  c.c;  Pig  Bl,  4.5  c.c.  of  normal 
B.  serum;  Pig  B3,  0.5  c.c.  pancreatitis  B.  serum. 

26th.  Pigs  Al,  Bl,  and  B3  living  and  apparently  well.  Dog  B  died. 
Autopsy  doubtful,  perforation  of  the  colon.  No  escape  of  contents. 
No  sign  of  peritonitis. 

2Sth.  Dog  C  bled  from  right  carotid  at  time  of  operation.  Oil 
injection  not  successful.  Dog  apparently  recovered.  Killed  fol- 
lowing day;  found  to  have  acute  peritonitis. 

30^^..  Dog  D,  operation  successful,  but  died  in  four  hoiu's,  before 
an  attempt  to  obtain  blood  was  made.  Pancreas  necrotic  and  fat 
necrosis. 

May  3,  1908.  Pig  Al,  third  injection,  B.  serum,  3  c.c;  B3,  second 
injection,  B.  serum,  3  c.c;  CI,  5  c.c  normal  serum.  Today  Dr. 
Goodman  reports  that  Cammidge's  reaction  was  negative  in  the  urine 
of  Dog  B. 

6th.  Dog  E,  autopsy  two  hours  postmortem.  Necrosis  of  the 
pancreas,  hemorrhages,  and  some  fat  necrosis. 

7th.  Injected  Pig  Dl ,  normal  serum  from  Dog  C,  3  c.c. ;  D2,  normal 
serum  from  Dog  C,  6  c.c;  El,  pancreatitis  serum  from  Dog  E, 
3  c.c;  E2,  pancreatitis  serum  from  Dog  E,  6 c.c;  Pig  Al,  fourth  in- 
jection, pancreatitis  serum  from  Dog  E,  6  c.c. 

Sth.  Pigs  D2  and  E2  found  dead.     Both  autopsies  negative. 

9th.  Pig  El  found  dead.     Autopsy  negative. 

14th.  Pig  Bl,  6  c.c.  serum  from  Dog  E;  Pig  B3,  6  c.c  from  Dog  E. 

19//i.  Dog  F,  autopsy  necrosis  and  hemorrhages  of  the  pancreas, 
pancreatic  edema,  and  disseminated  fat  necrosis  in  the  mesentery. 

21st.  Serum  from  Dog  F.  Pig  Bl,  5  cc;  B3,  5  cc;  Fl,  2  cc; 
F2,  5  c.c;  and  Dog  G,  50  cc 

22c?.  Dog  first  sick,  now  appears  normal.  Pigs  Fl  and  F2  found 
dead.     Autopsy  negative. 

2oth.  Pig  Al,  fifth  injection,  8  c.c.  of  serum  from  Dog  F.  F3, 
1  cc;  F4,  1  c.c. 

27th.  Dog  H,  autopsy,  intense  necrosis  of  the  head  and  body  of 
pancreas,  moderate  fat  necrosis  in  the  immediate  neighborhood. 
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2Stlt.  I)()(T  J  intraperitoneally  injected  with  150  c.c.  from  Dog  H; 
serum  hemoglobin  stained. 

29//;.  Dog  I  found  dead  in  morning.  Autopsy  3  p.m.  Some 
bloody  fluid  in  peritoneal  cavity.     No  sign  of  inflammation. 

June  9,  1908.  Dog  J  died  in  three  hours. 
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A  STUDY  OF  NINE  CASES  OF  ACUTE  PANCREATITIS. 


Bv  JOHN  H.  MUSSER,  M.D. 

PHILADELPHIA. 


Some  special  features  of  the  nine  cases  which  I  have  observed  will 
be  mentioned,  after  which  an  analysis  of  the  cases  will  be  given. 

1.  Acute  hemorrhagic  pancreatitis  may  occur  in  the  course  of 
typhoid  fever  and  cause  death.  The  patient,  female,  aged  thirty-one 
years,  was  admitted  to  the  wards  of  the  Presbyterian  Hospital  in  the 
second  week  of  typhoid  fever.  Her  temperature  at  the  time  of 
admission  was  103.6°;  pulse,  128;  respirations,  28.  Three  days 
after  admission,  March  17,  there  was  slight  tenderness  in  the  right 
iliac  fossa,  antl  the  leukocytes  were  found  to  be,  in  the  morning,  9700; 
in  the  evening,  16,000.  The  adynamia  was  profound.  On  March 
24  a  slight  hemorrhage  occurred,  and  on  April  4  this  was  repeated. 
There  was  continuance  of  grave  adynamic  symptoms.  On  the  Sth 
the  patient  had  two  chills  unaccompanied  by  increase  of  temperature. 
She  was  so  stuporous  that  pain  could  not  be  elicited.  The  abdomen 
was  tympanitic,  with  no  special  rigidity.  On  April  10  there  was 
recurrence  of  chill.  On  April  15,  chill  with  profound  typhoid  state. 
On  the  ISth  there  was  a  recurrence  of  chills,  but  the  patient  seemed 
stronger,  the  pulse  was  more  regular,  the  delirium  had  lessened,  and 
the  aspect  was  that  of  improvement  notwithstanding  the  chills. 
At  7.30  A.M.  of  the  19th,  after  slight  exertion,  there  was  sudden 
syncope  followed  by  death.  Careful  examination  the  day  before 
failed  to  determine  the  presence  of  localizing  symptoms,  and  the 
leukocyte  count  was  but  10,600. 

At  the  autopsy  the  usual  appearance  of  the  prolonged  infection  in 
the  various  organs  was  found.  The  peritoneum  in  relation  to  the 
pancreas  was  blood  stained  and  particularly  over  the  capsule  of  the 
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pancreas  and  between  it  and  the  duodenum.  The  loose  tissues 
posterior  were  also  filled  with  blood. 

Several  healing  ulcers  of  typhoid  fever  were  found  in  intestines. 
There  was  mild  cholecystitis. 

Death  in  this  instance  did  not  appear  to  be  due  to  the  heart  failure 
of  adynamia,  but  to  sudden  syncope,  which  at  the  time  of  the  autopsy 
was  believed  to  be  due  to  the  occurrence  of  the  large  pancreatic 
hemorrhage.  The  association  of  cholecystitis  with  pancreatitis  is  to 
be  noted,  and  the  persistence  of  leukocytosis  indicated  that  a  second- 
ary infection  in  the  course  of  the  disease  was  present. 

2.  The  unfortunate  association  of  symptoms  of  renal  calculus 
and  pancreatitis  may  occur,  confusing  thereby  the  diagnosis.  In 
the  case  referred  to  the  patient  had  been  suffering  from  renal  cal- 
culus, and  while  in  the  line  of  his  professional  duty  as  physician 
was  in  an  accident  when  driving,  on  account  of  which  he  was 
violently  thrown  from  the  carriage.  Pain  in  the  back  was  the 
first  most  marked  symptom.  At  the  end  of  twenty-four  hours 
symptoms  of  collapse  arose.  Abdominal  distention  with  epi- 
gastric tenderness  and  occasional  vomiting  were  constant  symp- 
toms. The  pain  became  extreme,  and  because  of  it  and  the 
distention  and  great  tension  the  patient  was  required  to  assume  a 
semi-erect  position.  In  addition  to  the  abdominal  symptoms  there 
was  a  recurrence  of  the  attacks  of  gravel,  and  blood  was  passed 
by  the  urethra.  The  diagnosis  of  hemorrhagic  pancreatitis  was 
made,  based  upon  the  abdominal  symptoms,  the  occurrence  of 
the  dull  tympanitic  tumor  in  the  area  described  by  Fitz,  and  the 
signs  of  internal  hemorrhage.  With  the  concurrence  of  the  patient 
exploratory  operation  was  done  and  an  enormous  collection  of  blood 
was  found  in  the  lesser  omental  cavity.  The  patient  did  not  survive 
the  operation  more  than  twelve  hours.  Tnis  was  done  in  the  early 
days  of  our  studies  of  pancreatic  disease,  and  no  definite  conclusions 
had  been  arrived  at  as  to  the  surgical  technicjue  in  these  cases.  It 
is  possible  that  at  the  present  day  bolder  surgery  might  have  brought 
about  a  different  result.  It  is  seen,  then,  in  this  instance  that  the 
same  etiological  factor,  namely,  trauma,  gave  rise  to  both  groups 
of  symptoms.  One  need  not  be  deterred  from  the  diagnosis  of 
pancreatitis  because  of  the  association  of  other  symptoms. 
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In  the  nine  cases  trauma  was  the  exciting  cause  apparently  in  one 
instance  only.  In  the  remaining  cases  the  previous  history  of  chole- 
cystitis or  cholelithiasis  or  of  pancreatic  calculi  was  obtained  in  each 
case.  In  one  instance  the  cholecystitis  was  acute,  and  undoubtedly 
due  to  typhoid  fever.  In  another  the  symptoms  of  prolonged  indi- 
gestion and  recurrent  attacks  of  hyperacidity  warranted  the  diagnosis 
of  chronic  infection  of  the  upper  abdominal  organs. 

The  history  of  Case  VI  was  suggestive  of  cholelithiasis,  although 
it  is  barely  possible  that  the  acute  pain  attended  by  collapse  was  due 
to  a  pancreatic  rather  than  a  biliary  calculus. 

Recovery  may  take  place  spontaneously  in  cases  of  acute  pan- 
creatitis. The  diagnosis  in  the  two  instances  in  which  it  occurred 
was  based  upon  the  symptoms  that  did  not  fail  in  cases  in  which  the 
autopsy  or  an  operation  confirmed  the  diagnosis.  They  were  the 
symptoms  which  so  clearly  and  correctly  have  been  laid  down  by 
Fitz  in  his  early  communications.  It  is  worth  recording  that  but 
little  has  been  added  to  the  symptomatology  of  pancreatitis  which 
can  be  relied  upon  as  diagnostic  of  these  conditions.  Speaking  in  a 
general  way,  it  may  be  said  that  the  diagnosis  was  based  upon  the 
occurrence  of  signs  of  inflammation  in  the  upper  abdomen  outside 
of  and  posterior  to  the  stomach,  upon  the  occurrence  of  shock, 
followed  in  some  instances  by  severe  anemia,  upon  the  occurrence 
of  mild  continued  fever  with  leukocytosis,  and  upon  the  physical 
signs  later  of  a  tumor  behind  the  stomach,  with  "fluid  in  the  lesser 
omental  cavity. 

Speaking  specifically,  the  diagnosis  must  be  based  upon:  (1) 
The  previous  history.  (2)  The  occurrence  of  acute  symptoms  and 
shock,  which  was  present  in  eight  of  the  cases.  (3)  The  symptoms 
of  inflammation  behind  the  stomach,  with  rigidity  of  the  left 
rectus,  pain  in  the  epigastrium  radiating  more  to  the  left,  with 
tenderness  on  pressure.  Vomiting  occurred  in  all  of  the  cases  under 
observation.  (4)  An  epigastric  tumor  with  a  dull  tympanitic  note. 
This  was  present  in  seven  instances.  In  three  it  was  associated 
with  dulness  with  well-defined  mass  readily  determined  by  palpation 
as  well  as  percussion.  (5)  Pain  in  the  back  and  especially  in  the 
costo-iliac  space  on  deep  pressure.  This  occurred  in  three  instances 
of  the  six  in   which  it  was  looked  for.      (6)  The   occurrence  of 
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diarrhea  was  remarkable.  It  was  present  in  seven  instances.  In 
one,  Mrs.  S.,  it  preceded  the  attack  by  at  least  one  month.  It 
seemed  that  the  pancreatitis  was  an  infection  secondary  to  that 
of  the  gastro-intestinal  tract.  In  not  one  of  the  cases  were  the 
symptoms  suggestive  of  intestinal  obstruction,  as  had  been  described 
l)y  the  earlier  writers.  AVhile  in  two  there  was  moderately  obstinate 
constipation,  it  was  not  of  the  type  seen  in  occlusion  of  the 
bowel. 

7.  Acuie  Anemia.  This  was  remarkable  in  four  instances,  both 
the  red  cells  and  the  hemoglobin  falling  below  the  normal.  In  each 
instance  it  was  of  secondary  type,  and  leukocytosis  attended  the 
anemia. 

8.  In  eight  of  the  cases  there  was  a  marked  increase  of  the 
leukocytes.  In  two,  in  which  a  differential  count  was  made,  the 
increase  of  the  polymorphonuclears  was  noted. 

9.  The  temperature  throughout  the  course  of  the  disease  was 
usually  subnormal,  except  in  the  course  of  another  infection.  In 
the  case  of  Mrs.  S.,  in  which  an  active  infection  was  present  with 
pus  in  the  lesser  omental  cavity,  the  temperature  was  markedly 
hectic,  rising  high  in  the  evening  to  103°  to  105°.  In  the  case  of 
acute  gangrenous  pancreatitis  the  temperature  was  subnormal  early 
in  the  attack  and  later  rose  to  101°.  In  six  of  the  cases  the  sub- 
normal temperature  was  characteristic. 

10.  Dyspnea  was  pronounced  in  eight  cases,  and  seems  to  be  a  very 
striking  symptom  of  this  affection.  Of  course,  it  was  more  marked 
in  the  cases  in  which  a  large  tumor  was  manifest;  and  yet  in  cases 
in  which  there  was  no  accumulation  of  fluid  the  dyspnea  was  marked. 
Fat  necrosis  was  present  at  the  time  of  the  operation  in  this  case. 

11.  The  pulse  was  increased  in  frequency  but  not  to  an  extraor- 
dinary degree  in  all  instances.  In  three  instances  other  reasons 
than  the  pancreatitis  could  account  for  the  increased  pulse  rate:  in 
one  there  was  an  associate;  in  another,  an  intense  infection  with 
hectic;  in  a  third,  extreme  exhaustion. 

12.  I  have  no  report  to  make  concerning  the  stools,  as  in  every 
instance  observations  were  not  possible  because  of  either  the  occur- 
rence of  vomiting,  of  diarrhea,  or  because  the  constipation  required 
relief  and  forbade  any  attempt  at  the  time  to  make  observations. 
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Hence  the  fat  excess  or  the  meat-ball  test  of  Schmidt  was  not  inquired 
into. 

13.  Cammidge's  test  was  employed  in  four  instances,  and  in  two 
it  was  found  to  be  positive. 

14.  In  three  instances  general  board-like  rigidity  of  the  abdominal 
walls  was  very  marked  and  simulated  very  much  an  attack  of  peri- 
tonitis. In  one  notable  instance  the  physician  in  attendance  thought 
he  had  to  do  with  a  case  of  so-called  walking  typhoid  fever,  as 
the  history  of  diarrhea  extending  over  a  period  of  ten  days  was 
present  and  abdominal  pain  suggested  perforation.  Certainly  the 
pain  and  rigidity  with  moderate  distention  were  very  suggestive, 
although  the  pain  was  high  up  in  the  abdomen  rather  than  in  the 
region  in  w^hich  typhoid  perforation  is  likely  to  take  place.  The 
case  was  operated  upon  by  Dr.  Martin,  and  the  rigidity  apparently 
was  due  to  disseminated  fat-necrosis  within  the  abdomen  and  in  the 
abdominal  walls,  but  there  was  no  indication  of  peritonitis. 

15.  Neither  age  nor  sex  were  factors  in  the  diagnosis.  Five  were 
women,  four  men.  Five  were  over  fifty  years  of  age;  four  between 
thirty  and  forty  years  of  age. 

Result  of  the  9  cases:  5  recovered  and  4  died.  In  2  the  recoverv 
was  spontaneous;  3  with  operation.  In  1  the  illness  lasted  over  a 
long  period  of  time,  and  was  attended  by  most  profound  secondary 
anemia.  The  gastric  symptoms  were  very  marked  and  seriously 
interfered  with  nutrition.  Because  of  the  anemia  and  nutritional 
disturbance  it  was  feared  that  we  had  to  do  with  malio-nancv.  The 
patient  fully  recovered,  and  is  at  present,  five  years  after  his  illness, 
very  well.  The  cases  that  recovered  after  operation  were:  First,  a 
woman,  aged  sbcty  years,  who  had  a  sudden  severe  attack  of  abdomi- 
nal pain  suggestive  of  biliary  calculus.  The  vomiting  and  pain  were 
extreme  and  collapse  ensued.  On  removal  to  the  University  Hospital 
she  was  operated  upon  in  twenty-four  hours  by  Dr.  ^Martin.  Pan- 
creatitis and  peripancreatitis  was  found,  with  inflammation  of  the 
lesser  peritoneal  cavity.  This  cavity  was  drained,  and  the  patient, 
notwithstanding  her  age,  made  a  remarkable  recovery.  At  present 
writing,  seven  years  after  the  operation,  the  patient  is  reported  very 
well.  In  the  second  instance,  Dr.  Willard,  assisted  by  Dr.  ^Mayo, 
operated,  and  in  a  day  or  two  found  a  large  collection  of  fluid  in  the 
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upper  half  of  the  abdomen,  the  source  of  which  it  was  rather  difficult 
to  decide.  The  diagnosis  before  operation  was  that  of  pancreatitis 
or  hepatic  abscess.  Examination  of  the  fluid  and  of  the  tissues 
removed  Avarranted  a  subsequent  decision  of  pancreatitis.  The 
inflammation  was  limited  to  the  upper  part  of  the  abdomen,  and  after 
drainage  continued  for  a  long  period  of  time.  The  patient  gradually 
recovered,  and  at  present,  four  years  after  the  operation,  is  in  excel- 
lent health.  The  third  case  w^as  one  of  gangrenous  pancreatitis.  The 
case  will  be  reported  fully  by  Dr.  Deaver  and  Dr.  Jurist.  Dr.  Deaver 
made  an  incision  in  the  costo-iliac  space,  and  was  able  to  reach  the 
diseased  structures.  Considerable  sloughing  of  the  pancreas  took 
place.  Recovery  ensued.  In  this  instance  there  was  some  fat 
necrosis. 

Death  took  place  in  four  cases.  In  two  it  followed  operation.  In 
one  instance  operation  was  refused  for  a  considerable  time,  and  the 
delay  undoubtedly  was  the  contributory  cause  of  death.  She  had  all 
the  characteristic  symptoms  of  the  disease,  and  in  addition  to  the  fat 
necrosis,  which  we  dwelt  upon  before,  an  accumulation  of  serosan- 
guinolent  fluid  was  found  in  the  upper  abdomen.  Drainage  was 
resorted  to,  but  death  took  place  twenty-four  hours  after  the  opera- 
tion. In  the  second  case  the  patient  was  operated  upon  in  1898,  and 
has  been  referred  to  as  the  one  having  had  renal  calculus.  In  addition 
to  a  large  hemorrhagic  tumor,  moderate  peritonitis  had  set  in.  Death 
was  due  to  exhaustion. 

Death  without  operation  occurred  in  the  case  of  acute  hemorrhagic 
pancreatitis  in  the  course  of  typhoid  fever  and  in  the  case  of  ]\Ir.  G., 
aged  sixty-five  years,  whose  attack  was  well  defined  and  had  been 
preceded  by  frequent  attacks  of  hepatic  colic.  In  him  there  was 
grave  endocarditis,  and  from  the  onset  the  extreme  arrhythmia  and 
weakness  of  the  heart  was  a  most  serious  indication  for  treatment. 

Finally,  the  diagnosis  was  that  of  pancreatic  in  light  cases,  in 
five  it  was  confirmed  by  autopsy  or  operation.  The  case  of  Mrs. 
S.  was  diagnosticated  as  abscess  in  the  upper  abdomen. 
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DISCUSSION. 

Dr.  R.  H.  Fitz:  Dr  Musser  has  had  an  unusual  experience  in  seeing  so 
many  cases,  in  the  majority  of  which  the  diagnosis  was  justified  and  confirmed 
either  at  operation  or  autopsy.  His  statement  of  recovery  raises  the  question 
of  diagnosis  which  concerns  many  of  us  who  see  cases  which  we  regard  as  pan- 
creatitis. The  difficuUy  of  making  a  diagnosis  has  not  been  much  aided  by 
the  investigations  of  recent  years.  It  occurs  to  me,  from  what  Dr.  Sailer  has 
stated  with  reference  to  his  experiments  with  animals,  that  a  new  means  to 
making  a  diagnosis  might  be  found  in  such  a  method  as  he  has  employed,  viz., 
the  inoculation  of  animals  with  the  serum  of  suspected  cases  of  human  pancrea- 
titis. If  such  results  should  follow  as  in  his  experimental  cases,  it  might  afford  a 
valuable  means  which  should  certainly  be  considered.  The  question  of  pan- 
creatitis, vnth.  and  without  associated  bacterial  infection,  also  might  be  solved 
in  connection  with  such  observations,  for  wth  associated  bacterial  infection 
different  results  might  be  expected  than  from  serum  free  from  associated  infection. 
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THE    PATHOLOGICAL    CHANGES    IN    THE    THYROID 
GLAND,  AS  RELATED  TO  THE  VARYING  SYMP- 
TOMS IN  GRAVES'  DISEASE. 

BASED    ON    THE    PATHOLOGICAL    FINDINGS    IN    294    CASES.^ 

By  LOUIS  B.  WILSON,  M.D., 

DIRECTOR    OF    THE    LABORATORIES    AT    ST.    MARY'S    HOSPITAL,    ROCHESTER,    MINN. 


The  material  for  the  following  study  was  obtained  from  operations 
and  autopsies  on  cases  of  Graves'  disease  (hyperthyroidism,  exoph- 
thalmic goitre)  in  St.  Mary's  Hospital,  Rochester,  Minnesota,  from 
March  3,  1898,  to  May  10,  1908.  The  material  in  2  of  the  cases 
was  obtained  at  autopsy  on  patients  dying  of  hyperthyroidism  with- 
out having  been  operated  upon.  These  autopsies  were  made  within 
two  hours  of  the  death  of  the  patient.  All  of  the  other  material 
consisted  of  glands  removed  bv  Dr.  C.  H.  Mavo.^  Thirtv-five  of 
the  cases  were  operated  upon  prior  to  the  reorganization  of  the 
laboratory  January  1,  1905.  When  this  study  was  begun  there 
was  not  sufficient  data  at  hand  from  which  to  make  a  complete 
pathological  analysis  of  these  3,5  cases.  No  report,  however,  has 
been  previously  made  on  their  pathology,  and  I  desire,  therefore, 
to  place  them  now  on  record  as  fully  as  the  data  will  permit,  although 
they  will  not  be  considered  in  estimating  the  percentages  of  the 
pathological  groups  of  the  cases  studied  m  full  detail. 

This  series  consists  of:  (.1)  11  cases  in  young  females  whose 
symptoms  had  existed  without  remission  or  abatement  from  two 
months  to  two  years,  but  who  at  the  time  of  examination  presented 
all  the  classic  symptoms  of  Graves'  disease  in  a  severe  form.     The 

1  To  avoid  future  confusion  Professor  James  ICwing  authorizes  me  to  state  that  the  -10  cases 
reported  by  him  in  the  New  York  Medical  Journal,  1906,  Ixxxiv,  1061,  1114,  were  exclusive  of 
the  cases  in  this  series,  although  he  had  also  studied  sections  from  a  number  of  my  cases. 

2  This  series  does  not  include  13  cases  operated  on  by  Dr.  C.  H.  Mayo  in  other  hospitals, 
since  no  material  from  these  cases  was  obtained  in  our  laboratory. 
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pathological  diagnosis  on  all  of  these  cases  was  noted  at  the  time 
as  "typical  exophthalmic  goitre."  (B)  9  cases  in  females  whose 
symptoms  had  existed  from  one  to  eleven  years,  but  all  of  whom 
were  better  at  the  time  of  examination  than  they  had  been  at  some 
previous  period.  In  all  of  these  cases  the  pathological  report  is 
either  "typical  exophthalmic  goitre,"  or  "exophthalmic  goitre 
wnth  colloid."  (C)  14  cases  in  females  whose  symptoms  have 
been  present  from  three  to  thirty  years,  or  from  three  months  to  one 
year  following  a  previous  long  period  of  non-symptomatic  goitre, 
and  at  no  time  had  showni  symptoms  of  more  than  moderate  severity^ 
The  pathological  report  on  these  cases  is  "colloid  adenoma." 

With  the  reorganization  of  the  laboratory,  January  1,  1905, 
with  an  increased  staff  and  increased  facilities,  it  became  possible 
to  take  care  of  the  pathological  material  to  better  advantage.  Since 
that  time  all  specimens  are  brought  immediately  from  the  operating 
room  to  the  laboratory,  where  they  are  examined  fresh  and  then 
placed  in  fixatives,  usually  within  ten  minutes  after  they  are  removed 
from  the  patients.  Blocks  of  tissue  from  each  are  fixed  in  10  per 
cent,  formalin,  absolute  alcohol,  Zenker's  fluid,  and  Flemming's 
chromosmic  mixture.  The  remainder  of  the  specimen  is  then  photo- 
graphed and  preserved  by  Kaiserling's  method.'  ^Nlicroscopic- 
preparations  are  made  of  the  fresh  material  frozen  and  stained  with 
polychrome  methylene  blue,  by  the  author's  method,'  and  also  of 
the  formalin-fixed  material,  frozen  and  stained  hematoxylin  eosin. 
From  the  examination  of  these  two  preparations  the  initial  histologi- 
cal record  is  made  on  the  history  sheets.  When  the  final  study 
was  begun,  material  from  the  various  fixatives  was  sectioned  by  the 
paraffin  method  and  stained  with  hematoxylin  eosin,  Heidenhain's 
iron  hematoxylin,  and  Mallory's  methylene  blue  eosin.  The  his- 
tology of  each  case  was  then  carefully  reviewed  from  all  the  prepara- 
tions at  hand,  and  notes  made  according  to  a  formula  compiled 
from  the  reports  of  previous  observers.^     As  may  be  supposed,  the 

^  Some  of  the  gross  specimens  have  been  sent  to  other  laboratorie;;.  This  material  was 
not  on  hand  at  the  time  of  the  present  review.  In  these  cases  the  detailed  review  of  the  gross 
anatomy  was  made  from  written  descriptions  and  photographs  of  the  fresh  specimens. 

2  Journal  American  Medical  Association,  December  2,  1905. 

'  It  is  proper  to  state  that  as  a  preliminary  study  about  300  simple  goitres  were  examined, 
and,  as  occasion  arose  during  the  progress  of  the  work  on  the  Graves'  goitres,  the  former 
were  again  reviewed  and  compared  with  the  latter. 
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detailed  data  from  these  studies  is  much  too  vokiminous  to  report  in 
any  one  paper,  and  it  is  only  that  portion  of  it  which  seems  to  be 
related  to  the  clinical  histories  to  which  I  wish  to  call  your  attention 
at  this  meeting. 

While  this  review,  which  has  been  made  within  the  past  five 
months,  was  in  progress  every  care  was  taken  to  exclude  all  knowl- 
edge of  the  clinical  histories  of  the  cases,  m  order  that  there  might 
be  no  clinical  bias  entering  into  the  pathological  estimate.  As  the 
work  proceeded  it  was  found  that  certain  pathological  pictures  were 
frequently  repeating  themselves.  When  the  examinations  were 
completed  these  pictures  were  found  to  represent  cases  constituting 
four  large  groups,  and  there  was  little  trouble  arranging  the  re- 
mainder of  the  cases  so  as  to  form  connectmg  groups  between  the 
large  and  more  striking  ones.  The  following  cases  presented  from 
the  pathological  standpoint  will  illustrate  these  groups  with  sufficient 
accuracy  for  the  succeeding  clinical  comparisons : 

Pathological  Group  A. 

1.  Small  intra -alveolar  parench\Tna  increase. 

Shown  by: 

(a)  Size  of  the  gland. 

(b)  Increased  number  of  cells  in  a  single  layer. 

(c)  Reduplication  of  layers. 

2.  Small  amount  of  thin  secretion. 

Shown  by: 

(a)  Dryness  of  fresh  section. 

(b)  Small  amount  of  secretion  in  stained  sections.     This  is  non-eosin 

staining. 
Case  Xo.  24,550  (Fig.  1). — This  specimen  is  a  gland,  the  removed  portion  of 
which  weighs  30  grams  fresh.  Grossly  it  is  hard  and  nodular.  The  cut  surface 
is  particularly  dry  and  granular  throughout.  There  is  considerably  increased 
vascularity,  the  veins  being  swollen  and  thin  walled.  Microscopically  (Fig.  2) 
the  stroma  bands  are  found  considerably  thickened  and  extensively  infiltrated  with 
leukocytes.  The  alveoli  are  from  0.06  to  0.2  mm.  in  diameter.  There  are  very 
few  papillary  projections  into  the  alveoli.  The  parench^-ma  cells  are  increased 
in  number  in  certain  alveoli,  both  in  the  single  layers  and  by  reduplication  of 
the  layers.  The  parench^Tna  cells  are  columnar,  about  10  microns  in  diameter, 
with  swollen  nuclei,  granular  protoplasm,  and  showing  in  many  areas  mitotic 
figures.  There  is  apparently  no  exfoliation  of  the  parencliATna  cells.  The  secre- 
tion is  small  in  amount  and  non-eosin  staining.     From  the  pathological  stand- 
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point  the  s}TQptoms,  if  any,  in  such  a  case,  should  be  those  of  very  early,  mild 
hyperth\Toidism.  The  chnical  history  shows  that  the  gland  is  from  a  female 
(Fig.  3),  aged  twenty  years,  who  has  had  a  sHght  s}TQptomless  enlargement  of 
the  thyroid  for  one  year,  and  moderate  Graves'  s\Tnptoms  for  the  last  two 
months,  i.  e.,  tachycardia,  fine  tremor,  sweating,  etc.  This  case  is  representa- 
tive of  a  very  small  group  (Group  A)  of  operated  cases,  there  being  but  3 
(10  per  cent.)  in  our  entire  list,  although  a  number  of  other  patients,  of  parallel 
clinical  characteristics,  who  have  presented  themselves  for  examination,  would 
probably  have  yielded  glands  of  similar  pathology  had  they  been  operated  upon. 


Pathologic.m.  Group  B. 

1 .  Large  intra -alveolar  parenchyma  increase. 

Shown  by: 

(a)  Size  of  the  gland. 

(b)  Increased  number  of  cells  in  a  single  layer. 

(c)  Reduplication  of  layers. 

(d)  Infolding  of  alveolar  walls. 

(e)  Papillae  formation. 

2.  Large  amount  of  thin  secretion. 

Shown  by : 

(a)  "Glair"  of  fresh  section. 

(b)  Large  amount  of  secretion  which  is  non-eosin  staining  in  stained 

sections. 

Case  Xo.  23,448  (Fig.  4). — This  is  a  o3-gram  gland,  hard  and  nodular  ex- 
ternally, granular,  with  a  slightly  glairy  cut  surface.  Histologically  (Fig.  5) 
these  sections  show  increased  alveolar  parench^-ma,  papillae  formation,  and  a 
large  amount  of  non-staining  secretion.  CHnically  (Fig.  6)  the  patient  is  a 
female,  aged  thirty-six  years,  who,  after  three  years  progressive  Graves'  disease, 
now  shows  severe  s^Tnptoms,  i.  e.,  nervousness,  tachycardia,  tremor,  some  diar- 
rhea and  vomiting,  and  exophthalmos. 

Case  Xo.  25,266  (Fig.  7). — Here  we  have  a  60-gram  gland  of  the  same  char- 
acter grossly  as  the  preceding.  Histologically  (Fig.  8)  there  is  a  large  amount  of 
intra-alveolar  parench^Tua  increase,  papillae  formation,  and  a  large  amount  of 
thin  secretion.  Clinically  (Fig.  9)  the  patient  is  a  woman,  aged  twenty-eight 
years,  with  two  years  of  history  of  Graves'  disease  with  present  severe  symptoms, 
i.  e.,  tachycardia,  nervousness,  tremor,  profuse  sweating,  some  diarrhea  and 
vomiting,  and  exophthalmos. 

C.^E  Xo.  18,339  (Fig.  10). — This  gland  weighs  60  grams  fresh,  is  hard  and 
rigid,  with  a  nodular  outer  surface.  The  veins  are  swollen,  varicosed,  and  thin- 
walled.  Histologically  (Fig.  11)  this  section  shows  a  picture  almost  parallel 
with  that  of  the  previous  case,  except  that  the  alveoh  here  are  larger  and  the 
papillary  projections  in  them  are  numerous,  while  there  is  a  large  amount  of 
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thin,  non-eosin  staining  secretion.  Pathologically  this  case  should  be  in  the  acute 
stage  and  severe  in  type.  Clinically  (Fig.  12)  we  find  the  case  to  be  a  female, 
aged  nineteen  years,  with  Graves'  symptoms  one  year,  and  now  of  severe  type, 
i.  e.,  nervousness,  tremor,  weakness,  exophthalmos,  and  pulse  1.50. 

Case  No.  23,095  (Fig.  13)  is  a  9o-gram  gland,  hard  and  nodular  externally, 
and  dry  and  granular  on  its  fresh-cut  surface.  The  large,  irregular  alveoli 
(Fig.  14)  are  lined  with  swollen  parenchyma  cells  which  have  not  begun  to 
exfoliate.  The  secretion  is  fairly  large  in  amount,  thin,  and  feebly  staining. 
A  severe  first  period  is  thus  indicated  pathologically.  Clinically  (Fig.  15)  we 
find  a  woman,  aged  twenty-five  years,  who,  for  but  two  months,  has  had  a  pro- 
gressive chain  of  symptoms  of  h}^erthyroidism,  i.  e.,  nervousness,  tremor, 
palpitation,  tachycardia,  exophthalmos,  diarrhea,  and  vomiting,  and  now  would 
be  considered  a  case  of  very  severe  grade. 

Case  No.  23,099  (Fig.  16), — This  is  a  120-gram  gland,  hard  and  nodular, 
with  a  granular,  glairy,  cut  surface,  and  swollen  tortuous  veins.  Histologically 
(Fig.  17)  we  find  large  alveoli  with  great  intra-alveolar  parenchvina  increase, 
papillse  formation,  and  a  large  amount  of  thin,  non-staining  secretion.  Clinically 
(Fig.  18)  the  case  is  a  female,  aged  thirty-six  years,  who  has  had  progressive 
sj-mptoms  of  Graves'  disease  for  three  years.  They  are  now  of  a  very  severe 
type,  i.e.,  tremor,  palpitation,  tachycardia,  diarrhea,  and  vomiting;  exophthal- 
mos for  one  year  and  a  half. 

Case  No.  21,328  (Fig.  19). — This  is  a  very  large  gland,  weighing  223  grams 
fresh.  It  feels  hard,  mth  a  nodular  outer  surface,  and  a  glairy,  cut  surface. 
The  veins  are  swollen  and  tortuous;  the  walls  of  the  large  vessels  are  thin,  and 
there  are  many  small  hemorrhages  with  marked  h}'peremia  throughout  the 
gland.  The  alveoH,  papillary  projections,  parenchjTna  cells,  etc.,  are  parallel 
to  those  in  the  previous  cases,  as  will  be  seen  (Fig.  20).  Pathologically 
this  should  be  a  severe  acute  case.  Clinically  (Fig.  21)  we  find  the  .patient  is  a 
male,  aged  thirty-seven  years,  who  has  presented  a  set  of  symptoms  of  Graves' 
disease  of  gradually  increasing  severity  for  six  years,  and  who  is  now  in  an 
extremely  critical  condition.  There  has  been  no  remission  of  sjTiiptoms  at 
any  time  in  this  case.  His  history  shows  he  has  lost  forty  pounds  weight  in  the 
last  six  months  previous  to  operation. 

These  6  cases  illustrate  quite  fully  Pathological  Group  B.  This  is  the 
largest  group  in  the  series,  containing  117  cases,  or  about  45  per  cent.  Clini- 
cally all  of  these  cases,  except  8,  are  to  be  found  in  the  first,  i.  e.,  acute,  stage  of 
the  disease,  and  all  of  them  of  two,  three,  or  four  degrees  of  severity;  7  of  the 
remaining  8  cases  had  shown  some  remission  of  symptoms,  and  they  are  counted 
in  our  series  of  partial  disagreements. 
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Pathological  Group  C. 

1.  Large  intra-alveolar  parenchyma  increase. 

Shown  by: 

(a)  Size  of  the  gland. 

(b)  Increased  number  of  cells  in  single  layer. 
.    (c)  Reduplication  of  layers. 

(d)  Infolding  of  alveolar  walls. 

(e)  Papillae  formation. 

2.  Large  amount  of  thin  secretion. 

Shown  by: 

(a)  "Glair"  of  fresh  section. 

(b)  Large  amount  of  secretion,  most  of  which  is  non-eosin  staining, 

in  stained  sections. 

3.  Beginning  degeneration. 

Shown  by: 

(a)  Denser  staining  of  some  of  the  secretion. 

(b)  Beginning  exfoliation  of  parenchraia. 

Case  No.  22,473  (Fig.  22). — This  is  a  35-gram  gland,  whose  granular,  glairy, 
cut  surface  presents  some  alternating  areas  of  gelatinous  appearance.  Histo- 
logically (Fig.  23)  the  large  alveoli  contain  numerous  papillary  projections,  but 
the  columnar  parenchyma  cells  are  exfoliating  in  many  areas.  There  is  a  large 
amount  of  secretion,  much  of  which  is  non-staining,  but  some  of  which  is  stain- 
able.  Pathologically  this  case  should  show  some  remission  over  its  pi'evious 
symptoms.  Clinically  (Fig.  24)  the  patient  is  a  woman,  aged  twenty-nine 
years,  who  for  three  years  has  shown  symptoms  of  Graves'  disease,  which, 
although  now  of  a  severe  type,  are  less  severe  than  they  have  been  previously. 

Case  No.  23,048  (Fig.  25). — This  is  a  45-gram  gland,  hard,  nodular,  with 
much  of  the  cut  surface  granular,  glairy,  but  in  some  areas  gelatinous.  Histo- 
logically (Fig.  26)  there  are  large  alveoli,  great  intra-alveolar  parench^Tna 
increase,  papillse  formation,  and  a  large  -amount  of  secretion,  some  of  which 
is  stainable  and  some  unstainable.  There  is  also  considerable  exfoliation  of 
parench}Tna  and  marked  C}i;olysis  in  some  areas.  Clinically  (Fig.  27)  the 
patient  is  a  female,  aged  thirty-seven  years,  who  has  had  symptoms  of  Graves' 
disease  for  sixteen  years.  Although  her  present  symptoms  are  now  those  of 
very  severe  hyperthyroidism  they  have  been  worse,  and  there  have  been  ninner- 
ous  remissions  during  the  period  of  her  illness. 

These  cases  illustrate  Pathological  Group  C.  Clinically  this  group  contains 
54  of  our  cases,  or  about  21  per  cent.  These  are  almost  all  second-stage  cases; 
that  is,  those  showing  more  or  less  remission  of  previously  severe  symptoms, 
although  even  now  they  are  of  severe  or  very  severe  t^^pe. 
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Pathological  Group  D. 

1.  Old  intra-alveolar  parenchyma  increase. 

Shown  by: 

(a)  Size  of  gland. 

(b)  Remains  of  infolding. 

(c)  Remains  of  papillae. 

2.  Large  amount  of  thick  secretion. 

Shown  by: 

(a)  Gelatinous  appearance  of  fresh  section. 

(b)  Large  amount  of  secretion,  most  of  which  is  eosin  staining,  in 

stained  sections. 

3.  Advanced  degeneration. 

Shown  by: 

(a)  Dense  staining  of  most  of  the  secretion. 

(6)  More  or  less  complete  exfoliation  of  the  parenchyma. 

Case  No.  21,374  (Fig.  28).— This  is  a  200-gram  goitre,  hard  and  nodular 
externally,  and  with  gelatinous  cut  surface.  There  is  no  markedly  increased 
vascularity,  while  the  stroma  has  materially  increased.  Histologically  (Fig.  29) 
the  alveoli  are  very  large  (0.6  to  1  mm.).  There  is  almost  complete  exfoliation  of 
the  parenchjma  cells,  but  the  original  character  of  the  gland  is  definitely  shown 
by  well-preserved  remains  of  papillae  in  some  of  the  alveoli.  The  secretion  is 
very  large  in  amount  and  well-staining,  being  of  the  so-called  "colloid"  variety. 
If  this  represents  a  form  of  degeneration,  then  the  case  should  be  one  improved 
over  its  previous  history.  Clinically  (Fig.  30)  the  case  is  a  woman,  aged  forty- 
four  years,  whose  first  Graves'  s^inptoms  developed-  about  eight  years  ago. 
Although  the  condition  of  her  heart  makes  the  case  still  a  severe  one,  yet  the 
symptoms  of  hyperthyroidism  are  much  reduced  over  what  they  were  three  years 
ago. 

Case  Xo.  21,756  (Fig.  31)  is  a  gland  weighing  81  grams,  whose  cut  surface 
is  gelatinous  throughout.  Histologically  (Fig.  32)  the  large  alveoli  contain 
well-staining  secretion  filled  with  the  remains  of  exfoliated  cells,  and  showing, 
in  only  a  few  instances,  papillary  projections  sufficiently  well  preserved  for  identi- 
fication. Clinically  (Fig.  33)  the  patient  is  a  female,  aged  fifty-seven  years, 
who,  for  two  years,  until  three  years  ago,  had  marked  Graves'  sjTnptoms.  Her 
present  symptoms,  although  mild,  are  sufl5ciently  well  marked  for  diagnosis, 
although  not  enough  to  warrant  operative  interference,  were  it  not  for  the  pressure 
symptoms  caused  by  the  large  gland.  This  is  a  case  of  self-cured  Graves' 
disease,  with  the  exception  of  the  rapid  heart  and  choking  sensations. 

These  cases  represent  Pathological  Group  D.  There  are  34  cases  in  this 
group,  or  12  per  cent.  Clinically  all  of  them  are  in  the  second  or  third 
clinical  stages;  that  is,  they  show  marked  total  improvement,  or,  at  least,  some 
cessation  of  the  s}'mptoms  of  acute  hyperthyroidism.  INIany  of  them  are  still 
of  two  to  four  degrees  severity. 
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Pathological  Group  E. 

1.  Small  multi-alveolar  parenchyma  increase. 

Shown  by: 

(a)  Size  of  the  gland. 

(6)  Recently  formed  alveoli. 

2.  Small  amount  of  thin  secretion. 

Shown  by: 

(a)  Dryness  of  fresh  section. 

(b)  Small  amount  of  secretion,  which  is  non-eosin  staining,  in  stained 

sections. 

Case  No.  21,964  (Fig.  34).— This  is  an  88-gram  gland,  hard  and  nodular 
externally,  and  showing  small  cysts  on  its  cut  surface,  which  is  othen\ise  dry 
and  rather  solid  looking.  Histologically  (Fig.  35)  the  alveoU  are  found  to  be 
quite  small  (from  0.05  to  0.08).  This  is  a  typical  proliferating  adenoma  of  fetal 
type.  There  is  only  a  small  amount  of  thin  non-stainable  secretion.  Clinically 
(Fig.  36)  the  case  is  a  female,  aged  thirty-three  years,  who  had  a  slowly  develop- 
ing gland  for  six  years  with  Graves'  svTnptoms  coming  on  so  slowly  that  they 
caused  no  distm-bance  until  two  years  ago,  and  even  now  are  only  moderately 
severe. 

This  case  represents  the  first  Pathological  Group  (Group  E)  of  the  second 
series.  In  the  first  series,  Groups  A,  B,  C,  and  D  are  essentially  an  intra-alveolar 
form  of  paretich\-ma  increase,  while  these  show  multi-alveolar  parenchjTua 
increase;  that  is,  they  resemble  adenomata  in  type.  There  are  but  11  cases, 
4  per  cent.,  of  this  type  in  our  series.  Clinically  all  of  them  are  mild,  continuous 
cases  of  Graves'  disease  of  from  one  to  thirteen  years'  duration.  All  of  them 
are  of  moderate  severity,  and  were  operated  upon  as  much  on  account  of  pressure 
symptoms  as  because  of  hyperthyroidism,  although  the  latter  was  sufficiently 
pronounced  to  render  the  diagnosis  unmistakable. 

Pathological  Group  F. 

1.  Large  multi-alveolar  parenchyma  increase. 

Shown  by : 

(o)  Size  of  the  gland. 

(6)  Recently  formed  alveoli. 

2.  Large  amount  of  thin  secretion. 

Shown  by : 

(a)  "Glair"  of  fresl.  section. 

(6)  Large  amount  of  secretion,  which  is  non-eosin  staining,  in  stained 
sections. 
Case  Xo.  21,247  (Fig.  37)  is  a  70-gram  gland,  which  is  rather  soft,  and  on 
cross-section  collapses  readily,  although  it  contains  no  definite  cyst.  Histo- 
logically (Fig.  38)  the  specimen  is  adenomatous  in  type,  with  considerable  paren- 
chyma increase  and  a  large  amount  of  non-stainable  secretion.  Clinically 
(Fig.  39)  the  patient  is  a  woman,  aged  thirty-seven  years,  who  for  one  year  has 
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had  enlarcjed  thyroid,  nervousness,  profuse  sweating,  and  fine  tremor.  She 
would  be  classed  as  in  stage  one,  or  mild  continuous,  and  of  Grade  1  in  severity. 
This  case  represents  Pathological  Group  F,  which  is  the  same  as  Group  E 
except  that  the  glands  show  a  greater  parenchjTna  increase  and  contain  a  larger 
amount  of  thin  secretion  in  the  alveoli.  There  are  but  5  cases  of  this  group, 
or  2  per  cent.,  in  our  series. 

Pathological  Group  G. 

1.  Large  multi-alveolar  parenchyma  increase. 

Shown  by: 

(a)  Size  of  the  gland. 

(b)  Recently  formed  alveoli. 

2.  Large  amount  of  secretion. 

Shown  by: 

(a)  Large  amount  of  secretion,  most  of  which  is  non-eosin  staining, 
in  stained  sections. 

3.  Beginning  degeneration. 

Shown  by: 

(a)  Denser  staining  of  some  of  the  secretion. 

(b)  Beginning  exfoliation  of  parenchyma. 

Case  Xo.  21,804  (Fig.  40)  is  a  42-gram  gland,  gelatinous  in  its  cut  surface  and 
with  rather  large  alveoli  (Fig.  41)  filled  with  stainable  secretion  and  showing 
considerable  exfoliation  of  its  parench\Tna.  Clinically  (Fig.  42)  the  case  is  a 
female,  aged  twenty  years,  who  has  had  mild  Graves'  s^Tiiptoms  for  a  year  and 
a  half,  i.  p.,  goitre,  nervousness;  pulse  has  been  180,  now  130;  menstruation  not 
disturbed.     One  year  after  her  operation  her  return  history  shows  her  to  be  well. 

This  case  represents  Pathological  Group  G,  of  which  there  are  11  cases,  or 
4  per  cent.,  in  our  series.  All  of  these  are  mild,  continuous,  of  but  moderate 
severity  (Grade  2). 

Pathological  Group  H. 

1.  Old  multi-alveolar  parenchyma  increase. 

Shown  by: 

(a)  Size  of  the  gland. 

(b)  Sometimes  scattered  groups  of  recently  formed  alveoli. 

2.  Large  amount  of  thick  secretion. 

Shown  by: 

(a)  Gelatinous  appearance  of  fresh  section. 

(6)  Large  amount  of  secretion,  most  of  which  is  eosin  staining,  in 
stained  sections. 

3.  Advanced  degeneration. 

Shown  by: 

(a)  Dense  staining  of  most  of  the  secretion. 

(b)  More  or  less  complete  exfoliation  of  the  parenchyma. 
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Case  No.  23,724  (Fig.  43)  is  a  55-gram  gland,  whose  cut  surface  is  gelatinous 
and  filled  with  cysts.  Histologically  (Fig.  44)  the  alveoli  are  large  (from  0.2 
to  0.5  mm.  in  diameter)  and  of  adenoma  type.  There  is  marked  exfoliation  in 
most  areas.  The  secretion  is  large  in  amount  and  well  stained.  Pathologically 
this  is  an  old  adenomatous  proliferation,  producing  mild,  exophthalmic  symp- 
toms. Clinically  (Fig.  45)  the  case  is  a  female,  aged  fifty-two  years,  who  had 
had  an  old  goitre  for  seventeen  years.  Within  the  last  three  years  she  has  de- 
veloped moderately  severe  symptoms  of  Graves'  disease,  which  have  been  at  a 
standstill  for  the  past  year. 

This  group  represents  Pathological  Group  H.  It  contains  24  cases,  or 
about  10  per  cent,  of  the  series.  Clinically  they  are  all  mild,  continuous 
or  first-stage  cases,  and  none  are  of  more  than  moderate  severity,  that  is, 
Grade  2. 

On  the  basis  of  the  above  pathological  grouping,  which  was 
made  originally  without  reference  to  cluneal  conditions  and  without 
knowledge  of  the  clinical  facts  m  any  of  the  cases,  I  ventured  a  con- 
jecture as  to  the  probable  clinical  history  in  each  case.  Aside  from 
the  pathological  data  this  conjecture  was  based  on  the  working 
hypothesis  that  the  severity  of  the  symptoms  in  Graves'  disease  is 
probably  directly  proportional  to  the  amount  of  thyroid  secretion 
absorbed  from  the  glandular  alveoli.  The  whole  study  was  an  at- 
tempt to  determine,  in  as  unbiassed  a  manner  as  possible,  whether  or 
not  any  such  definite  relationship  really  exists  between  the  varying 
pathological  changes  in  the  thyroid  gland  and  the  varying  symptoms 
in  Graves'  disease. 

For  finally  determining  the  value  of  these  conjectures  the  follow- 
ing method  was  adopted:  Dr.  H.  S.  Plummer,  who  had  written  the 
original  office  histories  in  the  majority  of  the  cases,  kindly  reviewed 
his  own  histories  as  well  as  those  of  the  other  clinicians,  and  grouped 
them  as  follows:  Grade  1:  Acute  cases  of  (1)  mild,  (2)  moderate, 
(3)  severe,  or  (4)  very  severe  degree.  Grade  2:  Cases  which  had 
been  severe,  but  at  the  time  of  examination  showing  remission  of 
symptoms.  Grade  3:  Cases  of  previously  severe  hyperthyroidism, 
but  with  symptoms  now  chiefly  of  severe  vital-organ-lesion  type 
(heart,  nervous  system,  etc.),  rather  than  hyperth;vToidism.  Grade  4 : 
Mild,  continuous  cases,  slowly  developing. 

When  the  clinical  and  pathological  classifications  had  been  defi- 
nitely made,  the  two  were  compared  case  by  case.  As  a  result  an 
almost  complete  parallel  was  found  to  exist  between  the  pathological 
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conjectures  and  the  clinical  facts  in  about  80  per  cent,  of  the  cases. 
In  about  17  per  cent,  more  the  apparent  disagreements  were  readily 
explicable  on  reviewing  both  the  clinical  and  the  pathological  data. 
In  but  6  of  these  cases,  or  less  than  3  per  cent.,  there  was  a  disagree- 
ment for  which,  as  yet,  we  have  been  unable  to  find  any  positive 
explanation.  In  these  6  cases  the  pathology  indicates  a  more  severe 
type  of  the  disease  than  is  shown  by  the  clinical  histories. 

Having  found  that  the  pathological  groups  in  our  series  of  cases 
correspond  with  considerable  accuracy  to  well-marked  clinical 
groups,  it  is  necessary  to  examine  them  a  little  more  closely  to  de- 
termine, if  possible,  what  this  correspondence  may  indicate  in  regard 
to  the  pathological  development.  It  will  be  noted  that  the  groups 
are  in  two  series:  (1)  Those  essentially  with  increased  parenchyma 
within  alveoli,  and  (2)  those  with  increased  number  of  alveoli. 
Each  series  starts  with  a  group,  with  but  a  small  amount  of  paren- 
chyma and  secretion  mcrease  (A  and  E),  proceeds  to  a  group  with 
a  large  amount  of  parenchyma  and  secretion  increase  (B  and  F), 
and  thence  to  a  group  like  the  preceding,  with  but  beginning  degener- 
ation (C  and  G),  and  terminates  with  a  group  characterized  with 
more  or  less  complete  degeneration  (D  and  H). 

As  suggested  above,  the  clinical  interpretation  of  this  grouping 
is  made  on  the  following  working  hypothesis,  which  is  merely  an 
elaboration    of   Mobius'    theory: 

1.  That  the  symptoms  of  Graves'  disease  are  associated  with 
increased  absorption  of  an  increased  secretion  of  the  th^Toid  gland. 

2.  That  the  more  functionating  parenchyma  cells  in  the  gland 
the  larger  the  amount  of  its  secretion. 

3.  The  more  fluid  the  secretion  of  the  gland  the  more  readily 
will  it  be  absorbed. 

4.  That  the  cells  partly  disintegrated  found  embedded  in  secretion 
in  alveoli  with  partially  or  wholly  naked  walls  are  mostly,  if  not 
entirely,  desquamated  epithelial  cells. 

5.  That  the  increased  concentration  of  the  stained  secretion  by 
the  absorption  of  its  own  fluid  constituents  and  by  the  desquama- 
tion of  the  alveolar  epithelium,  probably  tends  to  reduce  absorption 
from  the  gland  as  a  whole. 

6.  That  the  dense,  gelatinous,  well-stainable  secretion,  the  so- 
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called  "colloid,"  in  any  thyroid  gland  is  not,  probably,  strictly 
speaking,  a  normal  product,  but  the  complement  of  the  absorbed 
portion. 

7.  That  when  dense,  basic-stained,  colloid  material  fills  the  alveoli 
of  the  thyroid  gland  it  probably  should  be  regarded  as  evidence, 
not  of  present  secretion,  but  of  blocked  absorption  and  parenchyma 
destruction. 

8.  When,  therefore,  we  measure  either  histologically  or  chemically, 
the  relative  colloid  (globulin)  content  of  the  thyroid  gland,  we  should 
bear  in  mind  that  we  are  probably  not  determining  factors  which 
have  actually  caused  the  symptoms,  but  only  their  associated  phe- 
nomena. 

On  such  a  basis  a  very  simple  hypothesis  of  the  development 
of  Graves'  disease  may  be  formulated  as  follows: 

1.  Followmg  a  metabolic,  chemical,  or  extra-organismal  irritant, 
thyroid  parenchyma  proliferates,  overfunctionates,  and  degenerates. 

2.  This  process  primarily  resembles  simple,  adenomatous  pro- 
liferation, or  reminds  one  of  adenopapillomata. 

3.  Either  process  may  start  in  a  gland  not  previously  enlarged 
by  retained  secretion,  or  in  one  which  is  already  distended  with 
non-absorbed  secretion. 

4.  The  severity  of  the  symptoms  depend  upon  (a)  the  amount  of 
absorbable  secretion,  and  (6)  the  patient's  ability  to  neutralize  the 
secretion. 

The  writer  would  urge  that,  in  making  histological  examinations 
of  the  glands  from  cases  of  hyperthyroidism,  the  gland  should 
be  studied  throughout,  and  that  the  statement  of  findings  in  such 
cases  should  express  the  observers  estimation  not  of  what  was  foimd 
in  this  or  that  area  in  the  gland,  but  rather  of  the  total  secretory 
power  and  amount  of  absorbable  material  in  the  gland. 

While  our  cases  are  too  few  from  which  to  draw  positive  con- 
clusions, yet  so  far  as  they  go  we  would  seem  to  be  warranted  in 
making  the  following  tentative  statements  from  the  clinical  stand- 
point: 

1.  Very  early  acute  cases  show  pathologically  hyperemia  and 
cellular  hyperplasia,  if  not  throughout  the  gland,  at  least  in  much  of 
it,  providing,  of  course,  the  more  enlarged  lobe  has  been  removed. 
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2.  Later,  acute,  moderate,  severe,  and  very  severe  cases  show 
greater  parenchyma  increase,  and  in  many  instances  evidence  of 
increased  absorbable  secretion.  Speaking  broadly,  the  parenchyma 
increase  is  in  direct  proportion  to  the  mtensity  of  the  symptoms. 
The  relatively  few  variations  from'  this  rule  may  be  accounted  for 
by  the  varying  resisting  power  of  different  individuals.  Where 
relatively  small  amounts  of  absorbable  secretion  are  found  in 
alveoli  whose  walls  are  crowded  with  activelv  functionating  cells, 
we  may  fairly  assume  that  the  secretion  has  already  been  absorbed. 

3.  Cases  which  clinically  are  showing  any  remission  of  toxic 
symptoms  show  somewhere  within  the  gland  more  or  less  evidence 
of  decreased  function  in  the  exfoliation  or  marked  flattening  of 
parenchyma  cells,  or  of  probably  decreased  absorption,  by  the 
presence  of  thick,  gelatinous,  stainable  secretion,  the  so-called 
"colloid." 

4.  Cases  which  have  recovered  from  their  toxic  symptoms  and 
are  now  suffering  principally  from  long,  previously  acquired 
heart  or  nerve  lesions,  or  from  myxedema,  although  no  myxedema 
cases  are  included  in  our  present  list,  show  exfoliated  or  much 
flattened  (probably  non-secreting)  epithelium  and  large  quantities 
of  well-stained,  thick,  gelatinous,  probably  non-absorbable  colloid. 
In  this  class  of  cases  it  would  seem  as  futile  to  search  for  previous 
causative  parenchyma  increase  as  to  look  for  diphtheria  membrane 
in  the  throat  of  a  patient  suffering  from  postdiphtheritic  paralysis. 

5.  The  recently  developed,  very  mild,  or  moderately  mild  cases  of 
long  standing  pathologically  almost  always  show  some  total  paren- 
chyma increase  by  the  multiplication  of  alveoli,  but  apparently 
not  greatly  increased  functionating  power  of  the  individual  paren- 
chyma cells.  Goitres  of  the  adenoid  type  (Groups  E,  F,  G,  and  H) 
apparently  pass  through  the  same  changes  of  hypertrophy  and  de- 
generation as  those  of  the  papuliferous  type  (Groups  A,  B,  C, 
and  D). 

6.  Simple  goitres  should  be  regarded  as  multiple  retention  cysts 
filled  with  non-absorbable  secretion,  cell  detritus,  etc. 
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DISCUSSION. 

Dr.  W.  H.  Thomson:  I  have  the  advantage  of  the  author  of  this  paper 
in  that  my  experience  deals  with  Graves'  disease  and  he  deals  with  exophthalmic 
goitre.  Why  I  make  this  remark  is  that  it  is  supposed  by  many  that  exoph- 
thalmic goitre  and  Graves'  disease  are  synon\Tiious.  Instead  of  that,  we  may  have 
50  per  cent,  of  cases  of  Graves'  disease  that  never  show  the  smallest  sign  of  the 
thyroid  gland  being  involved,  and  instead  of  their  being  imperfect  cases,  or 
latent  cases,  or  abortive  cases,  my  experience,  which  has  extended  over  hundreds 
of  cases  that  are  recorded,  is  that  those  that  never  show  any  goitre  in  Graves' 
disease  are,  on  the  whole,  the  worst,  the  proportion  of  fatal  cases  being  larger 
in  them  than  in  those  that  do  show  goitre.  I  published  in  1904  a  monograph  of 
Graves'  disease,  ^vith  and  without  exophthalmic  goitre,  in  which  I  detailed 
forty-two  cases  of  exophthalmic  goitre  and  twenty-eight  cases  without  any  goitre 
or  exophthalmos,  for  the  purpose  of  demonstrating  that  there  is  no  disease 
known  whose  diagnosis  should  be  so  certain  on  account  of  the  great  number  of 
s}Tnptoms  that  are  characteristic  of  it,  and  which  are  grouped  together  that 
way  in  no  other  disease,  and  I  detailed  these  characteristic  sMnptoms  to  the 
number  of  twenty-six. 

Now,  a  lady  was  brought  to  me  from  Chicago  just  before  I  left  New  York; 
letters  from  her  physicians  in  Chicago  state  they  did  not  know  what  diagnosis 
to  make  of  her  case.  She  had  been  sick  for  over  three  years,  and  I  found  twenty 
of  those  twenty-six  s\Tnptoms  of  Graves'  disease.  I  had  no  sort  of  question 
that  the  woman,  who  had  tachycardia  running  up  to  120,  profuse  sweats,  con- 
stant disturbance  of  the  stomach,  an  apparently  causeless  diarrhea,  tremors, 
and  so  on,  with  a  great  deal  of  irritability  of  the  bladder,  but  no  cystitis,  with  a 
great  deal  of  itching,  etc.,  I  say,  I  had  no  sort  of  question  that  she  had  Graves' 
disease,  and  yet  she  had  no  sign  whatever  of  an  enlarged  thyroid  gland,  nor  any 
sign  whatever  of  exophthalmos.  There  was  simply  a  little  tremor  of  the  eyelids 
when  she  closed  them. 

Now,  the  mischief  lies  in  naming  a  disease  after  some  one  symptom,  as  in 
the  case  of  calling  tabes  locomotor  ataxia,  and  this  leads  to  these  failures  in 
diagnosis  and  so  to  the  proper  treatment. 

Dr.  Wilson  does  not  show  in  any  of  his  cases  anything  different  from  what 
we  have  had  before.  Parenchymatous  goitres  will  give  us  every  one  of  these 
lesions  that  he  has  mentioned,  and  parenchymatous  goitre  has  nothing  to  do 
with  Graves'  disease.  The  majority  of  parenchymatous  goitres  are  larger  than 
those  of  exophthalmic  goitres,  and  occasionally  may  perhaps  give  us  one  or  two 
of  the  characteristic  symptoms  of  Graves'  disease. 

Now,  the  cjuestion  arises.  How  are  you  to  explain  the  fact  that  if  Graves' 
disease  is  due,  as  I  believe,  to  a  toxemia  which  only  secondarily  involves  the 
thyroid  gland — how  are  you  to  explain  this  success  of  surgical  operations  on  the 
thjToid  gland?    There  is  no  disease  about  which  there  is  more  uncertainty  as  to 
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its  etiology  and  pathology  than  with  reference  to  Graves'  disease.  We  know  so 
little  altogether  of  the  true  physiology  of  the  thyroid  gland,  and  so  long  as  we  do 
not  know  the  physiology  of  it  we  are  not  going  to  determine  its  pathology.  Why 
should  surgical  operations  therefore  relieve  cases  of  this  disease  if  it  is  due  to  a 
toxemia  that  precedes  the  involvement  of  the  thyroid?  My  answer  is  that 
that  is  one  of  the  characteristic  anomalies  of  this  complaint,  because  it  is  not 
extirpation  of  this  gland  by  surgeons  that  cures  the  disease.  It  is  a  partial 
operation — sometimes  extremely  partial — which  thereupon  is  followed  by  marked 
improvement,  and  in  many  cases  by  a  cure.  On  what  surgical  principle  is  this 
result?  My  answer  is,  "On  no  known  surgical  principle."  It  is  purely  em- 
pirical— just  as  empirical  as  a  laparotomy  in  a  case  of  tuberculous  peritonitis 
which  A\ill  sometimes  actually  cure  the  peritonitis.  We  certainly  do  not  find  in 
surgery  that  if  we  have  a  tuberculous  gland  and  snip  oflf  a  piece  of  it,  it  will 
get  well,  or  that  a  gangrenous  surface  will  get  well  if  we  remove  a  small  bit 
of  it.  This  result  in  Graves'  disease  is  purely  empirical,  and  wholly  without 
explanation. 

On  the  other  hand,  I  venture  to  say  that  the  medical  treatment  of  Graves' 
disease  is  far  more  successful  in  severe  cases  than  the  surgical.  And  I  mean  by 
that,  that  if  I  could  only  have  the  complete  management  of  the  patients,  cases  of 
Graves'  disease  too  far  advanced  for  a  surgeon  to  think  of  operating  on  them 
could  be  restored  to  health  in  a  larger  proportion  than  a  surgeon  could  show. 

Dr.  Wm.  H.  Welch:  I  wish  to  say  a  word  of  appreciation  of  the  studies 
which  Dr.  Wilson  has  made.  Especially  commendable  is  the  attempt  to  combine 
the  pathological  and  the  clinical  aspects  of  his  disease.  He  has  raised  a  good 
many  points  which  are  suggestive  and,  I  think,  calculated  to  throw  some  light 
upon  the  very  problem  which  Dr.  Thompson  has  raised  as  to  the  physiology  of 
the  gland.  Very  interesting  in  connection  with  this  subject  is  the  observation 
that  most  of  the  dogs  in  the  Great  Lakes  region  show  hypertrophy  of  the  thyroid 
gland,  which  becomes  colloid  in  type  by  feeding  them  iodine.  In  Baltimore  it 
is  exactly  the  reverse.  Only  about  4  per  cent,  of  the  dogs  there  have  parenchy- 
matous hypertrophy. 

Dr.  J.  G.  Ad  ami:  I  would  Hke  to  add  a  word,  not  in  the  spirit  of  criticism, 
but  of  inquiry.  The  work  is  so  full  and  admirable,  so  much  fuller  than  am-thing 
that  has  preceded  it,  that  I  cannot  withhold  my  admiration.  What  I  would  ask 
is  this:  In  Montreal  we  have  seen  not  a  few  cases  of  ordinary  parench}Tiia- 
tous  goitre  with  the  dull  heavy  condition  that  often  accompanies  it,  and  the 
local  operation  there  has  swiftly  developed  the  opposite  condition  of  excitement 
and  tachycardia  resembling  Graves'  disease.  Has  Dr.  Wilson  come  across 
this  class  of  cases  ?  I  ask  because  of  his  statement  regarding  the  nature  of  the 
colloid  material.  My  explanation  for  this  group  of  cases  has  been  that  the 
operative  stimulation  of  the  gland  has  led  to  hyperemia,  and  with  this  to  increased 
absorption  of  the  colloid  material  from  the  vesicles.  I  have  not,  that  is,  regarded 
inspissated  colloid  as  devoid  of  the  action  principle,  but  as  not  affording  it  to  the 
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blood  because  of  this  very  inspissation,  and  am  accustomed  to  make  the  compari- 
son between  the  distended  thyroid  vesicle  and  the  emphysematous  lung,  namely, 
that  in  both  the  very  distention  leads  to  flattening  and  obstruction  of  the  surround- 
ing capillaries  and  so  to  lessened  interchange. 

Dr.  James  E^^^XG:  It  seems  to  me  that  it  is  very  important  to  keep  in  mind 
exactly  what  type  of  cases  he  is  describing.  He  has  examined  294  glands  that 
came  to  operation  of  the  particular  types  that  were  suited  for  operation,  and 
therefore  representing  only  a  partial  list  in  the  natural  history  of  the  Graves' 
thyroid.  I  think  he  has  not  included  a  large  nimiber  of  cases  such  as  Dr. 
Thompson  has  seen.  He  is  deaUng  viith  a  particular  group  of  Graves'  glands, 
and  so  far  as  I  understand  does  not  say  that  this  is  the  only  type  of  the  gland  in 
Graves'  disease.  He  finds  in  the  294  cases  the  lesions  that  he  has  described.  I 
think  this  e\idence  is  of  very  great  importance,  because  it  is  far  more 
extensive  than  has  ever  been  brought  together  before.  However,  it  does  not 
include  all  those  cases  which  show  Graves'  sjTnptoms.  When  one  takes  the 
entire  natural  history  of  the  gland  in  cases  that  have  shown  Graves'  s^nnptoms 
one  gets  a  much  \nder  natural  liistory  than  Dr.  Wilson  has  indicated.  Two  or 
three  years  ago  I  presented  before  this  Association  a  series  of  slides  showing  what 
I  beUeved  to  be  a  more  extensive  history  of  the  th\Toid  gland  in  Graves'  disease, 
some  of  which  came  to  operation,  and  these  agreed  exactly  with  what  Dr. 
Wilson  has  described.  Others,  however,  did  not  come  to  operation,  but  came 
to  autopsy  instead,  and  there  we  found  some  types  of  glands  which  Dr.  Wilson 
has  not  described.  I  have  no  doubt  there  are  other  cases  also  which  do  not 
meet  the  surgeon  and  very  seldom  come  to  recognition  at  the  autopsy  table,  in 
which  Graves'  s}Tiiptoms  are  present,  and  they  should  be  covered  in  the  concep- 
tion of  the  pathological  anatomy  of  Graves'  disease. 

In  regard  to  the  use  of  the  term  adenoma  in  these  cases,  it  seems  to  me  there 
is  considerable  doubt  whether  we  are  deaHng  with  a  true  tumor  or  not.  I  am 
inclined  rather  to  regard  them  as  functional  hyperplasias,  and  not  as  true  tumors. 

On  the  whole,  I  think  the  contribution  is  an  extremely  important  one,  and 
one  that  is  needed  because  we  have  recently  heard  that  there  is  no  particular 
pathological  anatomy  to  Graves'  disease;  that  is,  in  this  particular  definite 
group  of  cases.  I  think  Dr.  Wilson's  e^■idence  has  settled  that  matter  finally, 
but  I  will  add  again  that  he  does  not  cover  the  entire  field,  but  only  the  surgical 
field. 

Dr.  Wilson:  There  has  been  quite  a  bit  of  disagreement  in  the  past  in  the 
matter  of  exophthalmic  goitre,  in  the  matter  of  the  name  and  in  the  matter  of 
not  recognizing  that  there  are  all  sorts  of  degrees  of  severity  in  these  cases.  I 
find  that  a  good  many  men  in  England,  for  instance,  do  not  call  it  Graves' 
disease  at  all.  They  call  it  exophthalmos,  and  yet  that  is  only  one  of  the  minor 
symptoms. 

I  certainly  did  not  attempt  to  cover  all  cases  showing  hyperthyroidism  here.^^^ 
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We  have  in  all  400  cases  of  simple  goitre  which  have  been  operated  on  at  our 
clinic,  and  I  went  over  those  and  found  some  23  that  answered  Dr.  Adami's 
description,  showing  absolutely  no  previous  hyperthyroidism,  no  tachycardia, 
profuse  sweating,  etc.  But  after  operation  they  showed  mild  symptoms  lasting 
from  a  few  weeks  to  a  few  months.  They  recovered.  I  think  with  Prof.  Adami 
that  these  were  cases  in  which  through  irritation  of  the  gland  there  was  increased 
secretion,  or  else  there  was  absorption  of  the  not  completely  degenerate,  not 
completely  inspissated  colloid  secretion  or  material. 

I  think  we  will  very  soon  get  over  this  matter  of  terminology,  and  come  to 
call  these  cases  hyperthyroidism.  Then  we  will  agree  that  there  are  all  grades 
or  types,  and  we  will  not  be  troubled  with  the  term  Graves'  or  exophthalmos. 

I  did  not  make  myself  clear  at  all  in  the  matter  of  adenoma.  I  should  have 
said  that  these  were  adenomatous  types ;  that  is,  while  they  are  not  true  tumors, 
as  Prof.  Ewing  has  stated,  yet  they  resemble  in  their  minute  histology  the 
true  adenoma.  The  other  type  are  not  true  papillomata,  but  they  resemble  the 
true  cystoma  of  the  ovary,  so  that  we  may  speak  of  them  as  similar  in  their 
histology  to  the  papilloma. 
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